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NOMENCLATURE 


A Area for local averaging In Figure 4.1, or total plate heat 

transfer area 

a"*" Van Driest dancing fmctlon 

AKO Constant that determines maximum of IL 

a 

B Blowing parameter, F/St 

B B at 0 = 0.0 

c 

B, B at 0 = 1.0 

n 

Co Damping constant used In the calculation of v"*" 

2 

C^ Skin friction defined as t = C,/2 p U 

f of “ “ 

Cp Specific heat at constant pressure 

CLl Constant used for the adjustment of v"*^ at positive step 

o, e 

CL2 Constant used for the adjustment of at negative step 

o ,e 

CPR Ratio of thermal penetration distance over the momentum pene- 

tration distance 

D Diameter of Injection tube 

DPL Jet penetration distance for momentum 

F Blowing fraction, PgV^/PooH» averaged over area A 

f Distribution function for effective source, , within bound- 

ary layer 

g (1) Distribution function for effective body force, , within 

the boundary layer 

(2) General mass transfer coefficient 
g^ Proportionality constant In Newton's Second Law 

h (1) Heat transfer coefficient 

(2) Enthalpy In Appendix H 
H Shape factor, 


vl 



Unblown heat transfer coefficient 


h 


o 



* 


h 

Ah 

k 

K 


K 


o 




Heat transfer coefficient used In adiabatic wall scheme 
h(0 - 0) - h(9 - 1) 


Thermal conductivity 

(1) Acceleration constant. 



dU_ 


dx 


(2) Heat flux meter calibration constant without temperature 
correction 

(3) Wattmeter power correction factor 


(4) Pressure drop coefficient 


Constant that determines maximum In Z 

a 


L Flow direction pitch In injection hole geometry defined in 

Figure 1.1 

Z Mixing length 

Z Augmented mixing length 

Z^ Mixing length for flat plate 

L Lewis number 

e 

M Blowing parameter, over the injection hole 

area , A^^ 

m" Mass flux 

m Mass flow rate 

Ntu Net transfer unit, y'UdA/mCp 

P (1) Lateral pitch in injection tube array 

(2) Locally averaged pressure 

(3) General property 

(4) Power supplied to the plate 

Pr Prandtl number, v/a 


vli 


Pr. 


Turbulent Prandtl number, 


Re 

Re 

X 

Re '62 

Re^2 

SCFM 

Sm 

St 

St 

o 

* 

St 

ASt 

T 

t 

T 

cav 

T 

g 

U 

u,v,w 

u,v,w 

U 


Heat flow rate 

Heat flux 

Heat flux at wall 

Reynolds number 


U x/v 
00 00 


U 6 „/v 
00 2 “ 


U A,/v^ 

00 y 00 


U D/V 
00 ' 00 


Cubic feet per minute at standard condition 
Effective heat source 
Effective body force 
Stanton number, h/p„U c 

' ^00 00 p 

Unblown Stanton number 

* / 

Stanton number defined as h /P^U c 

OO OO p 

St(9 = 0) - St(9 = 1) 

Local average temperature 
Temperature 

Effective casting temperature 

Measured gas temperature 

Total conductance of heat transfer 

Local average velocities in x-, y-, and z-coordinates 
Velocities in x-, y-, and z-coordinates 
x-component of injection velocity averaged over 


vili 



u 

T 


V 
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o,e 


X 


X 


VO 


y 


+ 

y 


y 


o 
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Friction velocity 
U/U^ 

y-component Injection velocity averaged over A 

Effective necessary to calculate the transport properties 

Distance In the main free-stream direction; also coordinate 
Virtual origin of turbulent boundary layer 

U x/v 

T 

Distance from the wall, perpendicular to the wall; also co- 
ordinate 

U^y/v 

Source distance In Reference 45 

Distance perpendicular to free-stream direction and y-dlrectlon 
also coordinate f 


Greek Symbols 

a Thermal dlffuslvlty 

6 Boundary layer thickness 

6( ) Uncertainty of ( ) 

A( ) Difference of ( ) 

6^ Displacement thickness 

^2 Momentum deficit thickness 



(1 - pu/p„U^)dy 
00 
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PR .. 


(1 - f-)dy 
00 







Enthalpy thickness 


Ill I II nil 


(1) Emlsslvlty of plate 

(2) Heat exchanger effectiveness 

(3) Arbitrary small number 
Turbulent dlffusivlty for heat 


Turbulent dlffusivlty for momentum 


Adiabatic effectiveness, (T -T )/(T.-T ) 

Non-dimensional secondary Injection temperature, 
(T2-TJ/(T^-TJ 

Von Karman constant, 0.41 
General property dlffusivlty 
X without discrete hole blowing 
Dynamic viscosity 
Kinematic viscosity 
Density 

(1) Shear stress 

(2) Time coordinate 


Wall shear stress 


St/St 

o 

Jln(l + 


for 0 = 1.0 


St/St 


° ReA, 


for 9 “ 0.0 


Subscript 


Secondary gas stream 


Adiabatic wall 


X 


o 


Wall 


d* a* 

horn. 

non-hom. 

St 

T 


Dry air 

With the homogeneous boundary conditions 
With the non-homogeneous boundary conditions 
Standard condition 
(1) T-state 


(2) Total 

t Turbulent flow 

O' Free-stream (free-stream recovery If temperature) 


Superscript 

( ) ' Turbulent fluctuation 

C) Local variation of the property 

( ) Local average of the property 


TURBULENT BOUNDARY LAYER ON A FULL-COVERAGE FILM-COOLED SURFACE - 


AN EXPERIMENTAL HEAT TRANSFER STUDY WITH NORMAL INJECTION* 
by H. Choe, W. M. Kays, and R. J. Moffat 

CHAPTER I 

INTRODUCTION AND BACKGROUND 

It Is of practical Interest to study the heat transfer behavior of 
a turbulent boundary layer on a full- coverage, film- cooled surface. The 
term "full- coverage film cooling" refers to a surface containing an array 
of small holes through which a coolant Is Injected to protect the surface 
from a hot fluid flowing parallel to the surface. Other methods to ac- 
complish the same effect Include transpiration cooling using a porous 
surface, film cooling by Injection through slots In the surface, and 
porous- strip film cooling. In many situations film cooling through three- 
dimensional discrete hole arrays, such as shown In Figure 1.1, Is a more 
practical method. This Is especially true for the blade-cooling problems 
encountered In a high performance gas turbine. Such an engine requires 
the highest attainable thermodynamic cycle temperature and high pressure. 

In the critical temperature range, a reduction of about 20°F In the blade 
temperature can double the life of the blade [1]. 

In the study of a boundary layer problem of this type there are a 
great many variables, both thermodynamic and geometric, which might affect 
the operation of the real system. This program has been restricted to 
uniform free-stream velocity and temperature, low velocity and low temper- 
ature difference to approximate constant property flows, and also re- 
stricted to obtaining local average heat transfer coefficients. In a 
practical situation, other effects may also play a significant role — 
effects of variable fluid properties, high Mach number, varying free- 
stream velocity, etc. Investigators of turbulent boundary layers have 

*Part of the material presented In this report was submitted by Mr. Choe 
to Stanford University In 1975 as a thesis In partial fulfillment of the re- 
quirements for the degree doctor of philosophy. 


generally studied relatively unconpllcated basic cases where only a single 
unknown effect is present. When applied to actual conditions, the above- 
mentioned effects are then superposed on the known fundamental case. 

In discrete hole, full-coverage film cooling there are many possibil- 
ities for geometry changes. In this particular program, a circular hole 
array with normal hole Injection Into the turbulent boundary layer Is 
considered, with two different pltch-to-dlameter ratios, which happen to 
be of particular Interest to the gas turbine blade cooling problem. 

There are two regions of Interest: the discrete hole, or full coverage, 

blowing region, and the recovery region downstream. Both regions are 
considered In this program. 


A. Review of Previous Work 

Full coverage fllm-coollng through discrete hole arrays can be ap- 
proximated as transpiration cooling In the limiting case where the dis- 
crete holes are very close together and small relative to the sublayer 
of the boundary layer. Transpiration cooling through a uniform porous 
plate has been thoroughly Investigated [2-9] , and there already exist 
several two-dimensional boundary layer computing schemes which have the 
capability of handling very general boundary conditions. Including wall 
mass transfer [10]. 

Since a row of holes can also be approximated as an equivalent slot, 
full-coverage film cooling has many similarities to conventional slot- 
film cooling. The following section will concentrate on a review of 
film cooling In general. Including both slot and multiple holes. 


A. 1 Film Cooling In General 


Wleghardt [11] Investigated the de-lclng problem on an airplane 
wing using a two-dimensional slot with nearly tangential Injection, l.e.. 
Injection parallel to the surface. He correlated his experimental results 
In terms of an adiabatic wall effectiveness, H , and a parameter x/(S’M), 
where H Is defined as 


n 


X - T 
a.w. " 


S T. 


- T_ 


( 1 . 1 ) 


2 



Here x Is the distance downstream from the slot, S Is the width of 
the slot, and M Is the ratio of the mass flux through the slot to the 
mass flux In the free-stream. Is the free-stream temperature, T 2 

Is the coolant temperature, and T Is the temperature assisaed by an 

As We 

adiabatic wall downstream from the slot. 

Seban [12], Seban and Back [13], and Hartnett et al. [14] Investigated 
adiabatic wall effectiveness, and a heat transfer coefficient defined by: 


q" A h*(T 
o “ o 


T 

a.w. 


) 


( 1 . 2 ) 


In this equation Is the actiial surface temperature at some point 

downstream from the slot, and T Is evaluated from the adiabatic 

a.w. 

wall effectiveness, n , for the same conditions. In other words, two 
different experiments are carried out to evaluate h , one with an In- 
sulated surface to establish n « and a second with an active heat trans- 
mitting surface. These experiments were conducted using a two-dimensional 
slot with tangential or near- tangential Injection. The main conclusion 

it 

of their Investigations was that h had nearly the same value as the 
heat transfer coefficient for the case of no film cooling, except for 
the region very close to the slot exit. Most investigators in the field 
have concentrated on the acquisition of adiabatic wall effectiveness for 
various geometries: the Injection angle was Included by E. Papell [15], 

Hajl-Shelkh [16], Artt et al. [17], Repukhov et al. [18], and Metzger et 
al. [19]. The thickness of the Injection slot lip was varied by Kacker 
and Whltelaw [20]. Variable free-stream velocity was considered by Pal 
and Whltelaw [21] and Seban and Back [13], the turbulence level In the 
slot by Kacker and Whltelaw [20] , and the free-stream turbulence level 
by Carson and Talmor [22], Instead of a slot, a poroiis strip was used 
by Goldstein et al. [23], Escudler and Whltelaw [24], and Nlshlwakl et 
al. [25]. Also, continued Investigations on the tangential Injection 
geometry were done by Pappel and Trout [26] and Samuel and Joubert [27]. 
Multiple slots and multiple rows of louvers were studied by Chin et al. 
[28], and a multiple row of holes by Pappel [15]. The holes studied by 
Pappel were very closely spaced to approximate slots. 
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The practice of evaluating only ri was justified on the basis that 
the critical region for the application of fllm-coollng Is generally some 
distance downstream from the location of Injection. 

A. 2 Discrete Hole Film Cooling 

Goldstein et al. [29] studied the variation of n around and 
downstream from a single circular hole, and Goldstein et al. [30] studied 
a row of holes with normal hole Injection, and 35“ Inclined Injection, 
and 15“ and 35“ skewed Injection. Metzger and Fletcher [31] Investigated 
heat transfer and adiabatic wall effectiveness for discrete hole Injec- 
tion. Erlksen [32] studied heat transfer with the same geometry used by 
Goldstein et al. [29,30], and also obtained laterally averaged heat trans- 
fer coefficients and n . LeBrocq et al. [33] Investigated the behavior 
of ri with a plate which was totally covered with a discrete hole array 
of P/D “ 8 , with an Inline and a staggered pattern. They also Investi- 
gated the effect of density, and they provided detailed velocity profiles 
around the holes. Launder and York [34] studied the effect of slant angle 
and acceleration on the same geometry as LeBrocq et al. [33]. Heat trans- 
fer data were not taken In the above two studies. Burggraf and Huffmelre 
[35] studied n and h with two rows of holes. Nina and Whltelaw [35] 
studied r) for a discrete hole tangential slot which consists of a row 
of circular holes. 

Ramsey and Goldstein [37] Investigated temperature profiles, velocity 
profiles, and turbulence Intensity profiles after a single hole Injection. 
The turbulence data and the velocity profiles were taken by a hot-fllm 
probe. Metzger et al. [38] Investigated heat transfer behavior on a full- 
coverage, film-cooled surface using a method outlined In Metzger and 
Fletcher [31]. 

A. 3 Analytical Methods 

For two-dimensional, slot-film cooling, several simple analyses 
have been proposed. One Is from Stolleiry and El-Ehwany [39] and Is 
basically an Integral analysis with mass and energy addition Into the tur- 
bulent boundary layer as a result of slot Injection. This model predicts 
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n to be infinity at the location of injection. The model was modified 
by Llbbrlzzl and Crescl [40], and Kutateladze and Leont'ev [41], to give 
r| ~ 1.0 at the location of injection. These analyses use assumed pro- 
files for temperature and velocity. 

A more thorough Integral equation analysis was performed by Nlcoll 
and Whltelaw [42], and by Haji-Shelkh [16]. Both used empirical correla- 
tions for shape factor and shear stress. Pal and Hhitelaw [43] used a 
two-dimensional boundary layer finite difference procedure for prediction 
of r| . For discrete hole tangential slot cooling, Fatankar et al. [44] 
used a three-dimensional parabolic finite difference procedure for pre- 
diction of r) . 

For film cooling using a single hole, Erlksen et al. [45] suggested 
the following simple three-dimensional model. Neglecting all velocity 
components except U , and assuming that eddy dlffuslvlty, c , is con- 
stant throughout the field, one can obtain the governing equation. 



Then approximating the injection fluid with a different tenq>erature than 
the main flow as a point source, or line source, some distance, y^ , 
above the wall, they determined e from experimental data on ri , and 

II 

y from temperature profiles. For a row of holes, or multiple rows of 
o 

holes, superposition of this solution was suggested. 

Comparison with their experiments showed that the method gave a 
good prediction far downstream of an injection hole, but is not good near 
the injection hole. Herring [46] formulated a two-dimensional boundary 
layer procedure by averaging the three-dimensional governing equations in 
the lateral direction. He used the turbulence energy equation to provide 
the eddy viscosity. He predicted several velocity profiles but did not 
predict heat transfer data. Also his velocity profile predictions did not 
give a good detailed comparison near the wall, which is Important for 
heat transfer studies and for shear stress evaluation at the wall. 

There have apparently been no further developments in the prediction 
of film cooling with a single hole or an array of holes. The analysis 
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of Erlksen et al. did not view the problem as a boundary layer phenomenon. 
The actual situation Is, however, more boundary- layer-llke , except for a 
small area behind the Jet where flow separation Is possible. Her- 
ring was the first to use the two-dimensional boundary layer equations 
for the three-dimensional, angled-lnj action problem. 

The main difficulty with all of the analytical attempts has been 
that there Is not yet a way to handle the three-dimensional problem 
properly, and the experimental results have not been successfully cor- 
related, either. 

A. 4 Experimental Methods 

There are various methods for the acquisition of data for film 
cooling. In most cases. Investigators have used film "heating" Instead 
of film cooling, since for small temperature differences the non-dlmen- 
slonal parameter, n , must be the same for both cases. 

A. 4.1 Methods for the Acquisition of n 

1. Use of an Adiabatic Wall 

This Is the most common method of obtaining adiabatic 
wall effectiveness. Investigators have normally used a relatively thin 
sheet of Insulating material which Is Instrumented with Imbedded thermo- 
couqples, with the space underneath stuffed with soft Insulating materials 
such as fiberglass. With this method a two-dimensional map of r| can 
be readily obtained. To obtain laterally- averaged values of r| , signals 
from the several thermocouples at the same x-locatlon are laterally aver- 
aged. Using Infrared radiometers, Mayle and Camarata [47] and Blair 
and Lander [48], used urethane blocks to form the test section, and then 
used black paint to obtain a final finish on the top surface. With this 
method, they cotild obtain a detailed r|-map, as well as r| averaged 
across the channel at particular x- locations. 

2. Use of a Mass-Transfer Analogy 

This method relies on the fact that the turbulent 
Lewis number, Le^ - 1.0 (Nlcoll and Whltelaw [42]). The method elim- 
inates any suspicion as to whether the adiabatic wall used Is truly adia- 
batic or not. LeBrocq et al. [33], Laimder and York [34], Kacker and 
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Whltelaw [20], and Pederson [49] used this scheme. To get the wall mass 
concentration, they used a Klathomagraph or a similar mass concentration 
analyzer. 

3. Use of a Constant-Temperature Wall 

Metzger et al. [19] used this method to obtain data 
on n • They used a transient technique to get heat transfer coefficients, 
then plotted the results as h vs. 6 , where h denotes the heat trans- 
fer coefficient, based on surface to free-stream temperature difference, 
and 6 , a non-dlmenslonal Injection gas temperature defined as: 



O 00 


From these results It is possible to deduce r| (and also h*) . 

A. 4. 2 Methods for the Acquisition of h 

1. Use of a Constant Heat Flux Wall 

Most investigators have used this condition for the 
wall. Nlchrome heaters are placed underneath a high-conductlvlty metal 
plate (Seban and Back p.3] ), or thin stainless sheets are used for heaters 
as well as the wall (Erlksen [32]). In this method, the power supplied 
to the heater is measured, as well as the wall temperature, and T 
can be evaluated from separately obtained data on n . Then h 
can be calculated from Equation (1.2), 

2. Use of Constant Wall Temperature 

a. Transient Teats 

This technique uses a rather small and thick 
metal block for a test plate. Metzger et al. [19,31,38] used an aluminum 
block and recorded the temperature of the block while It was cooled; 
from that they could determine how much heat transfer occurred. 

b. Steady State Tests 

In this method, test plates are heated to some 
desired temperature, where wall temperature as well as the plate power 
are measured. Mayle and Camarata [47], and Blair and Lander [48], used 
this technique. 
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B. Approach to the Present Experimental Study 
B.l Presentation of the Basic Approach 

Figure 1.2 shows n and St /St^ data from Wilson et al. [50]. 

Here St Is the Stanton number based on the heat transfer coefficient, h . 

o o’ 

which would be obtained under the same free-stream and temperature con- 
dltlons, but In the absence of film cooling. St Is based on the heat 
transfer coefficient, h , defined by Equation (1.2). This Is an ex- 
ample of the basic Information needed to calculate surface heat flux, 
q|j , on a film-cooled surface using the conventional formulation of the 
problem employing the concept of effectiveness and adiabatic wall temper- 
ature . 

There are two distinctly different regimes of Interest In discrete 
hole cooling: the full coverage region and the recovery region. For 
simple film cooling with a slot, or a row of Injection holes, the entire 
region of Interest Is the recovery region downstream of the injection 
point. When multiple rows of holes are employed (full- cover age film 
cooling), the recovery region downstream may still be of Interest, but 
the main attention focuses on the wall surface between the holes. The 
conventional formulation of the film-cooling problem has been employed 
within the full coverage region, but was primarily developed to cope 
with the recovery region. 

In this work we start with the observation that full- coverage film 
cooling has more of the characteristics of transpiration cooling than of 
the recovery region following a slot. In fact, the principal differences 
between full~ coverage discrete hole Injection and transpiration cooling 
are that the holes through which the coolant Is Injected are now large 
relative to the thickness of the boundary layer, and thus the coolant 
can be at a temperature different from the surrounding wall surface. In 
transpiration cooling it Is generally assumed that the coolant Is at the 
same temperature as the surrounding solid material, and that the holes 
are very small. 

It Is suggested that full coverage film cooling be treated as a 
special case of transpiration cooling (or, equivalently that transpiration 
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cooling Is a Uniting case of ftxll coverage discrete hole film cooling ). 
This approach to the problem means simply that the concepts of adiabatic 
wall effectiveness, r) , and h will be abandoned, and that heat trans- 
fer coefficients will be based on wall surface- to- free stream temperature 
difference. Behavior with a strong similarity to the simple transpired 
boundary layer should be anticipated. The problem of non-equlllbrlum 
between the Injected fluid temperature and the wall surface can be handled 
by a separate set of experiments on the same apparatus. Since the appli- 
cable thermal energy differential equation of the boundary layer Is 
linear In temperature, superposition can be used to predict performance 
for any Injection temperature. If two fundamental data sets are available. 
The theory for this will be discussed later. 

One advantage of this approach can be seen Immediately by reference 
to Wilson's data In Figure 1.2. To determine whether a given system per- 
forms well or not, or how well It performs, there is no other way than 
calculating q|^ Itself and comparing this with the value of q^ without 
film cooling In a comparable condition. In transpiration cooling, how- 
ever, St/St^ data directly give quantitative information on how well 
the system acts to reduce the heat flux. This Is possible because In 

the heat flux evaluation the temperature difference of (T -T ) Is used 

o 

which Is the same as for the non-film cooled surface. It seems obvious 
that if we follow the formulation of transpiration cooling, the interpre- 
tation of fllm-coollng data could be much simplified. 

The flow in the boundary layer of a discrete hole, full- coverage 
situation is strongly three-dimensional. To resolve this problem (which 
Is not aittackable at this time) , we shall need some type of averaging. 

An ensemble average would yield a periodic steady three-dimensional tur- 
bulent flow. To have some hope of analytic success It Is necessary to 
make the problem two-dimensional. There are several methods of averaging 
which would achieve this goal. It was also desired that the averaging 
method be consistent with the experimental approach. This led to local 
averaging , which will be defined later. 

Making room for an analytical approach is very important, because 
there should be a systematic way to handle the variety of geometry changes 
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and boundary condition changes, otherwise the acquisition of all the data 
required will take too much money and too much effort. 

B.2 Determination of Operating Dom^^^n 

Review of the previous investigations lead to the following 
choice of parameters: 

(A) M = 0.1 % 1.0 

Most investigators have agreed that for M ^ 1.0 there is almost no 
cooling effect with normal injection, due to jet penetration out- 
side the boundary layer (e.g.. Launder et al. [33,34] and Goldstein et al. 
[29,30]). With P/D ■ 5 and 10, M - 1.0 corresponds to F of 0.032 
and 0.008 . 

(B) P/D - 5 and 10 

Most investigators have been Interested in the range of P/D > 5 
10. Metzger and Fletcher [31] used P/D > 1.5, Goldstein [30] P/D « 3 , 
and Metzger et al. [38] P/D - 4.8 , but the practical gas turbine blade- 
cooling designers are not Interested In such a small P/D value, because 
It Is more prone to structural failure. 

Also, a staggered pattern was chosen, because LeBrocq et al. [33] 
showed that a staggered pattern performs better than an In-line pattern. 


(C) Rej- = 500 - 5000 at the Beginning of Injection 


Most Investigators had a very thin boundary layer at the point of 

Injection. Our purpose was to Include the effect of Re' 3‘2 on the heat 

transfer. LeBrocq et al. [33] had test plates which had discrete holes 

from the beginning of the plates. Metzger et al. [38] probably had a 

very small ReT- at the beginning of Injection. This gives the range 
^5 6 

of Re^ from 1.7 x 10 to 5 x 10 , Including the recovery region. 


(D) Rerr at the Beginning of Injection 
^2 

Other Investigators did not report this parameter explicitly. How- 
ever, for the flat plate, this Is the primary variable which correlates 
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St . Th« present program Investigates the Re '^2 equilibrium with 

, or with an unheated starting length before Injection. 

(E) Re^ p « (0.6 ^ 2.2) x 10^ (Re^ p ^ 

This Is a rather strange combination for Reynolds number. The ratio 

Ra'; 52 /R*oa D exactly 5^/0 , and once Re '^2 considered. It Is rather 

the choice of the Investigator whether Re^ ^ Is preferred over ^ 2 /^ * 

However, In this case Re _ Is a non-dimensional nunber more commonly 

00, D 

used In film cooling. The choice of this range of Re^ gives 

6^/0 of 0.064 to 0.24 at the starting point of Injection. 

(F) e - 0.0 . 1.0 

6 Is a non-dimensional secondary Injection temperature. Only two 
values of 6 are needed since we can evaluate St at other values of 
6 by superposition (see Chapter III) . 

(G) Injection Angle - Normal to Wall 

There have been experimental studies which employed non-normal In- 
jection angles. In this program, however, only normal Injection Is con- 
sidered. This will be the basic case to which slant or compound angle 
Injection can be compared. 

(H) The Shape of Hole Geometry; Circle 

There has been one experimental study by Goldstein et al. [51] for 
non-circular geometry. In the present study, however, straight, circular 
cylindrical holes are considered. For a general study of the effect of 
variations In shape, the three-dimensional, full N-S equations and energy 
equation have to be solved. This Is not possible at present. 


(I) Test Conditions 

Pr = 0.715 0.718, for the working fluid of air 

U ■■ 30 110 ft/sec (10 m/sec - 36 m/sec) 

00 
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Test plate • 10 ft. (3.05 m) total, 2 feet (60.1 cm) blowing section 
plus one 4 foot (1.25 m) length of test section before 
and one after the blown section. 


and T . 

Z «0 Q 

Secondary air flow rate •* 1 cfm - 50 cfm for each row 
(473 cc/sec - 23,600 cc/sec) 


T - - 20 - 30"F (11“C - 16.7“C) 

- Ambient 

D 0.406 Inch (1.03 cm) 

Test section height ~ 8 Inches (20.43 cm) 
Test section width * 20 Inches (50.8 cm) 
Figure 1.1 shows the test plate geometry. 


C. The Objectives of the Present Research 

In the broadest terms, the objectives of the program are summarized 
as follows: 

(1) Development of a test apparatus capable of accurate evaluation 
of the heat transfer behavior of a turbulent boundary layer 
with the Injection of fluid through a discrete hole array. 

(2) Determine the utility of a new formulation for the film cooling 
problem, unifying the theory of transpiration cooling and film 
cooling. 

(3) Experimental Investigation of a basic heat transfer problem with 
uniform free stream velocity and temperature, uniform blowing 
with uniform temperature, and with low speed and small tempera- 
ture difference between wall and free stream. 

(4) Predictions of the locally-averaged heat transfer data. 

For the construction of the test apparatus, the following goals were 
set up: 


12 


(a) Th« free->str«aa velocity niist be able to be maintained uniform 
In the presence of strong blowing at approximately 30, 50, 80, 

100 ft/sec (10 m/sec, 16.7 m/sec, 26.7 m/sec, 33 m/sec). 

(b) The apparatus must have a low turbulence level, with uniform 
two-dimensional free-stream. 

(c) The Instrumentation system and operating control must be such 
that the validity of the results can be verified by energy 
balance tests over the full range of proposed test conditions. 

(d) The apparatus must produce the generally-accepted Stanton numbers 
and velocity profiles for the unblown condition. 

(e) Secondary air temperature should be able to be set at any temperature 
between ambient to about 45°F (25°C) above the ambient. 

(f) Each row of holes must have independent control of the flow rate 
and In each row, the flow rate In each hole should be uniform 
within 1 1/22. 

(g) The apparatiis must be able to change the momentum thickness at 
the beginning of Injection. 

(h) The test plate must be segmented with good Insulation, to obtain 
the local average of heat flux. 

(1) The apparatus must have a low level of noise. 
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Figure 1.1 Test plate geometry for the present program. 
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Figure 1.2 


Example of heat transfer 








CHAPTER II 


THE EXPERIMEHTAL APPARATUS 

The apparatus used In these experiments has a basic arrangement 
similar to the existing transpiration rig described by Moffat [2]. This 
apparatus will be called the Discrete Hole Rig. Figure 2.1 shows the 
overall view of the Discrete Hole Rig. 

A. Brief Description 

The Discrete Hole Rig is a low speed, subsonic, closed-loop wind tun- 
nel about 10 ft (3.05 m) high, 4 ft (1.22 m) wide, and 23 ft (7.02 m) 
long. The tunnel’s structure is shown in the block diagram (Figure 2.2). 
There are four loops: 

(1) The main air loop, which starts from the primary blower of 7100 

3 

cfm (201 m /min) capacity and then passes through the return 
ducting, oblique header, heat exchanger, and screen pack and con- 
traction nozzle combination to produce a uniform velocity 
across the plane and low turbulence level, then into the test 
section, plenum box and then back to the blower. 

(2) The secondary air loop which takes air out of the plenum box 
using a secondary blower and passes it through a heat exchanger/ 
heater box combination and through the control valves to the 
delivery tubes (where flowrate is measured) and manifolds for 
distribution to each hole. 

(3) The cooling water loop, which supplies the two heat exchangers, con- 
sisting of an 80 gal. (302.82) capacity water tank and supply 

and discharge lines to and from the tank. 

(4) The hot water loop, which heats the plates upstream and down- 
stream of the blowing section, and has two temperature-controlled 
water heaters. 

The test section is 8 in. high (20.32 cm), 20 in. wide (50.8 cm), 
and 10.0 ft long (3.05 m). There are 3 main sections in the test plate. 
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The first 4-foot (1.22 m) test section and the last 4-foot test section 
were previously used for McCuen’s 152] and Morrettl's 153] theses work. 

Each of these consists of 48 Individual copper plates one Inch (2.54 cm) 
wide, Insulated by 1/32 In. (0.794 mm) thick Kel-F Insulation. The first 
24 plates do not have the capability of being heated. The last 24 plates 
can be heated by hot water through copper wave guides underneath the 
plates. All 48 plates are Instrumented to measure temperature and each 
of the last 24 plates has a heat flux meter. The heat flux meter Is a sll- 
ver-constantan thermopile which measures the temperature difference across 
a 1/64 In. (0.397 mm) thick bakellte plate underneath the copper plate. 

A 2 ft. (60.1 cm) blowing section Is located between the above two 
sections. This consists of 12 copper plates, each 1/4 In. thick (6.35 mm), 
2 In. wide (50.8 mm), and 18 In. long (45.7 cm). The first plate acts 
only as a guard heater for the second plate, and has no holes. From the 
second plate to the 12th plate, each has either 8 or 9 holes for second- 
ary gas injection. Each plate has 4 iron-constantan thermocouples to 
measure the plate temperature and one electrical heater to heat the plate. 
For each row of holes, the temperature of the secondary gas is measured 
4 in. (10.16 cm) underneath the test plate surface, and the total flow 
rate to each row Is measured by a hot wire type flow meter. The second- 
ary gas temperature is controlled to the desired level by adjusting the 
electric power to the secondary air heater system. 

The tunnel side walls and top wall are made with 1/2 in. thick (1.27 
cm) plexiglass. One side wall has static pressure taps used to measure 
free stream velocity. The static pressure taps are 4 in. (10.16 cm) above 
the test plate to eliminate the effect of discrete hole blowing. The top 
wall has three flexible strips: two were needed for adjustment of the 

top wall to maintain uniform free stream velocity through the blowing 
section, and one allows introduction of an acceleration in the foreplate 
to provide small momentum thickness at the beginning of blowing. 

In the following sections, detailed descriptions of the test appar- 
atus, instrumentation, and qualification of the rig appear. 
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B. General Physical Arrangement 
B. 1 Primary Air System 

The main air velocity In the test section Is varied by changing 
the pulleys and belts on the blower and motor drive. This gives nominal 
test section velocities of 30 ft/sec (10 m/sec), 55 ft/sec (16.7 m/sec), 
80 ft/s^c (26.7 m/sec), and 110 ft/sec (33 m/sec). Air enters the main 
test section through an oblique Inlet header to the heat exchanger; a 
design based on recommendations by London et al. [54]. Its shape was 
specified for uniform flow distribution and minimum pressure loss. 

A screen pack follows the heat exchanger to reduce the non- uniformity 
of the main stream velocity and to reduce the turbulence level. It con- 
tains four stainless steel, /MO mesh, 0.0065 In. (0.165 mm) dla. wire 
screens. Based on the work of Schubauer et al. [55], this screen pack 
should reduce mean velocity maldistribution by a factor of 1200 and turbu- 
lent fluctuations by a factor of 10. 

The screens are followed by a three-dimensional nozzle to provide a 
uniform Inlet velocity field to the test section. The nozzle accelerates 
the flow from the screen pack to the test section Inlet with 11.1 to 1.0 
area contraction. The nozzle wall design started with the shape recom- 
mended by Rouse & Hassan [56]. The wall shape has been chosen such that 
the first three derivatives of flow area. are zero at the nozzle exit. 

There Is a slight acceleration In the Inlet section of the nozzle to avoid 
separation In this region. This was accomplished by designing the nozzle 
length for 40 In. (101.6 cm) and cutting off the first Inch when the nozzle 
was actually built. A Teledeltos model of each of the nozzle walls was 
used to check that the nozzle smoothly accelerated the flow with no tend- 
ency for separation at Inlet or exit. The 8 In. (20.32 cm) height was 
selected to ensure that the top wall would not Interfere with the Injected 
gas at the highest blowing rate. The downstream edge of a boundary layer 
trip, a sharp edged square strip 1/32 In. x 1/4 In. x 20 In. (0.794 mm x 
6.35 mm X 50.8 cm). Is located four In. (10.16 cm) downstream of the noz- 
zle to produce a high momentum thickness at the blowing section. To get 
low momentum thickness at the blowing section, the downstream edge of a 
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trip 1/16 In. x 1/4 In, x 20 In, (1,588 mm x 6.35 mm x 50,8 cm) Is located 
2 in. (5.08 cm) upstretim of the blowing section (see Figure 2.3). 

The test section cross section consists of four sides: the bottom 

(the test plates) , the top (the top wall) , and the two sides (the side 
walls) . Two side walls are fastened to the test plate structure and 
sealed with RTV cement. The movable top wall can be pivoted about Its 
upstream end to provide for either an Increasing or decreasing flow area 
In the flow direction. One side wall has static pressure taps 12 In. (30.5 
cm) apart In the upstream and downstream plate regions and 8 In. (20.3 cm) 
apart In the blowing region. In the beginning of the blowing section, 
pressure taps are located 6 In. (15.24 cm) apart to sense the steep change 
of pressure. These taps are four in. (10.16 cm) above the wall so that 
they are not much affected by strong discrete hole blowing. 

All tests described here were conducted with tinlform free stream 
velocity. To obtain this condition, the top wall was set for each run 
by adj listing its elevation until there was no measurable change in the 
static pressure along the test section. In practice, local deviations of 
0.002 In. (0.05 mm) of water have been accepted in static pressure. A 
probe sled, which spanned the test section, was locked onto the side walls 
In fixed positions over the center of the test plate at each measuring 
station. The probes, supported from this sled, extended down through 
access holes on the top wall. These access holes have plexiglass plugs 
which smoothly close the holes inside the tunnel when not In use. The 
access ports have two shapes: 3/4 In. (1.9 cm) circular holes and 1 7/8 

in. X 2 1/2 In. (4.76 cm x 6.35 cm) rectangular holes. There are two 
rectangular holes In the blowing region, one between and above the seventh 
and eighth plates, and the other between and above the tenth and eleventh 
plates. These rectangular holes are for detailed Investigation of velocity 
and temperature profiles around the Injection holes. The probe sled at 
these stations can move in the flow direction with 1/4 in. (0.63 cm) 
Intervals up to 1 in. (2.54 cm). This was accomplished by having 
locking holes on the top edge of the side walls at 1/4 In. (0.63 cm) in- 
tervals. The traversing mechanism Itself can move on the sled In the 
lateral (z-) direction with Intervals of 0.2 In. (0.51 cm), covering two 
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In. C3*08 cm). This combination provides 55 measuring stations. The' 
circular access holes are located along the centerline. In addition to 
these, at the exit of the contraction nozzle, at the starting point of 
blowing, and right after the blowing section, full sets of circular access 
holes are provided, extending across the width of the test section. These 
are primarily to check the uniformity of the boundary layer growth In the 
lateral direction (two-dlmenslonallty check) . 

B. 2 Secondary Air Supply System 

3 

The secondary blower can deliver 2200 cfm (62.2 m /min) of air 
flow rate and develops a head of 28 In. (71.1 cm) of water at 3300 rpm. 

For the low flow rate of secondary Injection, It delivers about 500 cfm 

3 

(14.15 m /min) with a head of 2 In. (5.08 cm) of water. 

The secondary air from the blower Is delivered to a wooden box, 
which contains a 5-row, 18 In. x 24 In. (45.72 cm x 60.96 cm) heat ex- 
changer, and to a heater box which consists of twelve 220 volt 1 kw air 
heater elements. Seven sheets of copper screen are provided to make the 
temperature uniform, and a distribution header with eleven 2 in. (5.08 
cm) pipes and 2 In. (5.08 cm) brass ball valves for the control of 
secondary air flow rate. 

Flexible tubing connects each valve outlet to one of eleven PVC pipes, 
each 7 ft. long (2.14 m) , and used to meter the secondary air flow rate 
In each row of holes. In each pipe there is a hot wire type flowmeter 
(see Appendix D) developed for this apparatus to handle the wide range of 
flow rate (1 cfm (0.472 l/aec.) to 50 cfm (23.6 £/sec)) required for the 
secondary air system. For such a requirement orifice meters or rotameters 
would have been bulky, and expensive. Flexible tubing delivers the 
secondary air stream from the flowmeters to the 11 flow manifolds (Figure 
2.4) located underneath the blowing test section. Delivery tubes connected 
with rubber tubes allow a small dislocation of PVC pipes on the manifold 
from the test section blowing holes. Ball valves were adjtisted to achieve 
uniform flow In each hole In one row within 1.5% (see Manifold Valve 
Adjustment, Appendix E) . Then the valve handles were removed to 
protect the calibration. 
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Th« secondary air aystea la enclosed to reduce heat transfer with 
the ambient. 

B. 3 Blowing Section 

This two foot section provides the particular geometry for blow- 
ing. In this experiment, a staggered circular hole pattern normal to the 
wall Is employed with P/D - 5 and D - 0.406 In. (1.03 cm) (Figure 2.5). 
The aluminum casting which supports the copper plate Is 22 In. (55.88 cm) 
wide, 24 In. (61 cm) long, and 3 1/2 In. (8.89 cm) high. The assembly has 
twelve 2 In. (5.08 cm) wide, 18 In. (45.72 cm) long, and 1/4 In. (6.35 
mm) thick copper plates yielding a heat transfer area 18 In. wide and 24 
In. long. A photograph of a machined casting Is shown In Figure 2.6. A 
cross section through one of the plates and the compartment In the alum- 
inum casting are shown In Figure 2.7. The casting used In this experi- 
ment was modified from the one used In the smooth transpiration rig. 

Since copper Is such a good conductor, two heater wires for each 
plate were sufficient to keep the temperature of the copper within 0.03“F 
(0.017"C) In the flow direction on a single copper plate. To have sym- 
metric heating, two 18 In. (45.72 cm) of AW6 #28 chromel wires were Imbedded 
Into parallel heater grooves and epoxy-bonded to the copper plate. One 
end of the wires was jumpered with copper wire, and the other end was con- 
nected to the output terminal of a variable transformer. The heater re- 
sistance Is about 8 n . 

To have well- stabilized power to the plates, the building power Is 
passed through a servo-driven voltage stabilizer, then through a satura- 
ble-core type voltage stabilizer. The power source Is used for the flow 
meter heaters as well as test plate heaters (Figure 2.8). After the 
voltage stabilizer. It goes to the step-down powerstat. This reduces the 
voltage to 25 <v 40 volts AC. Finally It goes to the Individual 
powerstats to control the test plate power. This arrangement makes It 
possible to control the power over a wide range with accuracy. All elec- 
trical power cables are enclosed Inside the conduit to minimize Inter- 
ference with the thermocouple readings. A switching arrangement permits 
the Insertion of a precision wattmeter Into each channel, as desired for 
data-taklng purposes. The finished surface of the test plate assembly felt 
smooth to the touch, but during the operation, very small cracks In the 
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plastic material In the Joints appeared. These did not show any change 
In the hydrodynamic character of the tunnel. 

Each plate has four thermocouples measuring surface temperature, 
about equally spaced across the span. For eight hole rows, they are 
4.05 In. (10.3 cm) apart, twice the pitch distance, symmetric about the 
center. For nine hole rows, two inside thermocouples were 6.09 In. 

(15.45 cm) apart and two others 4.06 In. (10.3 cm) from the Inside 
thermocouples, symmetric about the center. The 18 In. (45.72 cm) whole 
span of copper plate Is used as a measuring area. 

The thermocouples for measuring the plate temperature are set Into 
the copper plate through 0.050 In. (1.27 mm) dla. holes, with their junc- 
tion approximately 0.030 In. (0.762 mm) beneath the surface. 

Five water passages through the aluminum casting webs are used to 
control the temperature of the casting. When conducting energy balance 
tests, either hot or cold water, as needed, was used to maintain the cast- 
ing temperature within 5-10“F (3-6“C) from the test plate temperature. 

B.4 The Surface Condition of the Test Plates 

The test plates are made of copper and to minimize the radiation 
heat transfer from the surface, they were well polished with commercial 
copper polish. Right after polishing, the surface shone like a mirror, 
and the details of the surroundings could be \>ell examined through the 
test surface. This mirror- like shine lessened as the experiments were 
continued, but It never disappeared. With these conditions, the surface 
emlsslvlty was estimated from 0.05 to 0.15. 

B.5 Thermal Boundary Conditions 

To give the proper thermal boundary layer to match the thin 
momentum layer, 24 cells of the upstream plate were heated using the 
hot water system. This provided momentum thickness and enthalpy thick- 
ness, at the starting point of blowing, comparable to the flat plate, 
constant wall temperature boundary layer. For the thick boundary 
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layer condition, the same situation could not be achieved, because the 
upstream plate cannot be heated on the entire length but only on the 
downstream half of the plate. So, as a better defined boundary condition, 
a step wall temperature was used In the blowing section. To achieve this, 
all the polyflo lines were simply disconnected from the test plate, and 
In the last cell, a cold water line was connected to adjust the thermal 
boundary layer growth to the mlnlmiim. 

C. Instrumentation 

C.l Temperature Instrumentation 

All temperature measurements on the Discrete Hole Rig 
are made with Iron-cons tantan thermocouples, except for the boundary layer 
traversing thermocouple, which Is made with Chromel-constantan. Samples 
of the Iron-cons tantan thermocouples and the Chromel-constantan thermo- 
couple were calibrated against a Hewlett Packard Quartz Thermometer, which 
Is accurate within 0.02°F (0.01“C). All four samples of Iron-cons tantan 
showed the same calibration curve within the accuracy of calibration, 
^.07®F , or +2 yV of the thermocouple signal. The calibration curves 
for Iron-cons tantan thermocouples and those for Chromel-constantan were 
Incorporated Into the data reduction program. 

All the thermocouple wires are brought together Into the constant 
temperature zone box at the back of the console panel, where they are 
connected to rotary thermocouple switches leading to the display of the 
signal through a Hewlett-Packard Integrating Digital Voltmeter, Model 
2401C. The boundary layer traversing thermocouple probe has Its own Ice 
bath and has an Isolated circuit of Its own. The thermocouple circuit Is 
shown In Figure 2.9, along with the heat flux meter and flowmeter cir- 
cuits. The thermocouple wires were made long enough to reach the constant 
temperature zone box. To avoid temperature gradients along the thermo- 
couple wires, 1/8 In. polyflo tubing guided and covered all the thermo- 
couple wires between the thermocouple junction and the constant tempera- 
ture zone box. The constant temperature zone box Is lined Inside with 
1/32 In. thick copper plate and Insulated outside with alumlnxim foll- 
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backed, rock wool Insulation. One diagnostic thermocouple is provided to 
measure the temperature difference across the diagonal of the zone box. 

If this diagnostic probe showed larger than 7 iiV , data were not taken. 

All iron-constantan thermocouples shared a single ice bath reference 
junction. 

For the thermocouples measuring the test plate temperature, enough 
Immersion depth Is given following Moffat [57] to reduce the conduction 
error. Thermocoi^les for measuring the casting web temperatures were 
also given enough Immersion depth. For the free stream and the secondary 
air, there were no accountable errors In temperature measurement. 

The four thermocouples from each plate were wired In parallel to one 
switch terminal In the constant temperature zone box. This scheme gives 
a good average temperature of the plate, since the signals and the wire 
resistances have almost the same magnitudes. Three thermocouples from 
each row of holes for measuring the secondary air temperature were also 
ganged together to give an average secondary air temperature. 

For the temperature traverse in the boundary layer, Chromel-constantan 
thermocouples with 0.003 In. (0.08 mm) diameter were used. Enough con- 
duction length was given to ensure negligible conduction error, following 
Blackwell [58]. Two thermocouple probes were made — one to measure the 
temperature on the centerline of the traversing mechanism and the other to 
measure the temperature 1 In. upstream. 

C. 2 Pressure 

All the, static pressure and free stream dynamic pressure measure- 
ments were made with Inclined manometers. The dynamic pressure for boundary 
layer velocity profile was measured with pressure transducers which were 
used by Healzer [59]. 

The static pressure taps were made In conformity with the existing 
HMT rig (see Simpson [3]). For the pitot tubes, a 0.020 In. (0.508 mm) 

OD hypodermic needle was used without being flattened, following Andersen 
[9]. 

C. 3 Electric Power 

Power delivered to each plate of the blowing section was mea- 
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sured by a precision AC wattmeter » which has been used In the measurement 
of electric power for the smooth transpiration rig. As shown In Figure 
2.8, the power can be measured for each plate with a single wattmeter. 

The wattmeter calibration which had been used for the smooth transpiration 
rig was adopted, since the same Instrument was used. Circuit analysis 
was done to account for the Insertion loss (see Appendix F) . 

C.4 Heat Flux Meter - the Calibration of 

The heat flux meter calibration was made with specially made 
calibration heaters. Power to the heater was measured with a Weston 
precision voltmeter and ammeter, both with accuracy of 1/2Z. This gives 
a calibration accuracy of about IZ. In the process of heat flux meter 
calibration, the conductances between adjacent plates including the two 
end plates In the blowing section were measured (see Appendix 6) . 

The Initial calibration of several heat flux meters from the upstream 
and downstream plates showed constants 5-lOZ higher than Morrettl's [53] 
recorded values. 

A careful review of McCuen's [52] and Morrettl's theses revealed 
that the calibration heater they used had a different design than the 
present one. They used a single nlchrome heater wire, which spanned the 
whole width of the test plate. However, In the present case, the tunnel 
width Is 20 in. , with a more-or-less adiabatic condition for one Inch on 
each side. To simulate this In the calibration process, the calibration 
heater length was made to 20 In. , and Instead of using a single wire, 
fifteen closely and uniformly laid parallel wires were used to give uni- 
form heat flux. The difference between Morrettl's and the present cali- 
bration represents a heat leak from the center to the side of the channel. 
If the plate Is heated by electrical heaters and cooled by the cooling 
water. The opposite trend In heat loss will occur when In operation, be- 
cause the test surface has less area than the heating area In the copper 
wave guide. 

D. Rig Qualification 

All experiments Include some degree of uncertainty. In this section, 
to qualify the rig means to specify clearly the uncertainty bounds and 
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to reduce them if they are unacceptably large. To reduce the uncertainty 
bounds, one has to propose an approximation to the heat transfer behavior 
of the complicated geometry of the real system or else to modify this ap- 
paratus. Then one has to devise an auxllllary experiment to confirm his 
approximation and to compare his model with the results of the real system. 
The system model is the Data Reduction Program - at least, that part which 
corrects for losses. By its nature, this operation is iterative, requiring 
simultaneous development of an analytical model and the apparatus. 

In this program, the behavior of the boundary layer, the free stream, 
and the energy balance capability of the rig were demonstrated. In estab- 
lishing the free-stream and boundary layer behavior, the spanwise uniformity 
of the free-stream velocity and temperature, the momentum thickness, and 
free-stream turbulence were checked. These investigations were to prove 
that the teat ttnnel provided a two-dimensional boundary layer with low 
free-stream turbulence. The energy balance results show the uncertainty 
bounds for the measurements of convective energy. 

The final qualification tests were comparisons of the measured heat 
transfer behavior (luider conditions of zero pressure gradient and no 
blowing) with the expected behavior of the flat. Impermeable, smooth plate. 
These results showed that the agreement is within the expected uncertainty 
bounds * 


D. 1 Energy Balance Test 

In the beginning of the experiment, four main heat transfer 
modes were considered for the heat losses. The four modes are: 

1) Radiation heat transfer from the top of the copper plate to the 
plexiglass channel wall; 

2) Conduction loss between the copper plate and the aluminum castlng- 
the main loss was through the casting web, but the losses through 
the side rail and through the fiberglass Insulation have a com- 
parable magnitude; these were all lumped together to be treated 
as one loss because the effective potential for these losses is 

the same; T - T , where T is the effective casting 
o cav cav 

average temperature; 
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3) Conduction loss between the adjacent plates •— these have very 
little contribution except the two end plates In the blowing 
section; except for the two at the end, theoretically estimated 
conductance was used; and 

4) Energy lost by the secondary all* stream before being Injected 
into the main stream — accounting for these losses also corrected 
for the true mean air temperature at the point of Injection be- 
cause the secondary gas temperature was measured four Inches up- 
stream of the point of Injection. This mode of loss does not 
Introduce any error In the enthalpy thickness measurement, but 
does yield an error in the Stanton number. 

In the following subsections, the methods which Identify each loss 
mechanism will be discussed. 

(a) Conduction Test 

In this test, conduction Is the only loss mechanism. The side 
walls and top wall were taken off the test plate, and a 3 1/2-ln. (8.9 cm) 
thick styrofoam block was placed on top of the test plates. No secondary 
air stream was present; all the test plates were heated to the essentially 
same temperature, and the casting was cooled by cold supply water. In 
this mode, the only heat transfer Is by the conduction to the altimlnum 
casting, and the electrical power supplied to the plate can be attrib- 
uted to the conduction losses. The plate temperature and the casting 
temperature were measured. For the two plates at the ends, the conduction 
to the adjacent plates must be known because the upstrdam and the down- 
stream plates normally have quite different temperature, as only the blow- 
ing section plates were heated. The conductances In the flow direction 
for the two end plates were measured In the process of heat flux calibra- 
tion. From the five measured casting temperatures, twelve effective 
casting temperatures were calculated by linear Interpolation of the five 
measured temperature . Then , 

W,1 ■ “lOo.l - VV,!' 
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where 4 represents heat lost by conduction in l'’^ plate, KOND^ 

the conduction loss constant for 1 plate. In reality, the styrofoam 
block has only 5 6 times the thermal resistance of the Insulation be- 

tween the plate and the casting. To account for the heat lost through 
the styrofoam block, KCOND^ was reduced by 15%. 

This test was done twice, and the average of the two test results 
was used for the actual data reduction program. 


(b) T2.EFF Test 

With this test, the average temperature of the secondary air 
was measured at the Injection point. This test also evaluated the total 
conductance between the secondary gas stream and the test plate. Nine 
pieces of styrofoam block, each of which had a matching hole with the 
plate's discrete hole, were placed on the plate with the holes aligned 
with the holes In the plate. The blocks served as a Insulation to the 
secondary stream and also as mixers for achieving the mixed mean temper- 
ature at the exit. The following measurements were made: plate tempera- 

ture, temperature of the gas leaving the styrofoam block (effective 
secondary temperature), gas temperature four Inches upstream, and the 
secondary flowrate. Then, considering the system as a heat exchanger, 
we can get the following effectiveness equation: 


e 


L 


2 .eff 


T 

T 

g 


, -Ntu 
1 - e 


( 2 . 2 ) 


where is the effective secondary mean stream temperature, T^ 

the gas temperature measured four Inches upstream, and 


Ntu A 


UA 

me 


KCONV 

SCFM 


(2.3) 


Here U Is the total conductance of the system, A the contact area, m 
the mass flowrate, c^ the specific heat, SCFM the volume flowrate at 
standard conditions, and KCONV a constant proportional to the conductance 
UA which Is a function of the flowrate. 

From the measured temperature, the values of c was evaluated and 
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then from the effectiveness - Ntu expression, we can get KCONV as a 

ft 

function of SCfM . The following correlation from data was obtained: 


KCONV - 0.24 *SCFM 


0.35 


(2.4) 


This expression Is valid for the nine hole rows. If the row has n holes, 
SCFM was corrected by 9/n to get the proper flowrate In the Individual 
holes; then KCONV was calculated. However, this Is for the surface area 
of the pipe of the nine holes, so that n/9 was multiplied to get the 
effect from n holes. F/D ■ 5 geometry has n - 8 and 9 , and P/D > 

10 has n >■ 4 and 5 . 

After KCONV was obtained, T„ was calculated by measuring T ,T 

2 f cf I o g 

and SCFM and by using Equation (2.2). Also the total convected energy 
In each row of holes, calculated as 


E 


CONV 


% - V ^ - ■'2.e££> 


(2.5) 


where the last approximation is from the fact that T^ % gff » 

that T - T. Is less liable to the measurement vmcertalnty. 

o 2,eff 

One must know what portion of KCONV Is directly from the copper plate 
to get the energy closure. There was no simple way of getting this informa- 
tion at the time of the energy balance test. Thus analytical estimations 
of the total conductance, and the conductance directly from the copper 
plate were made and the ratio was obtained as a function of SCFM. For 
the direct conductance from the copper plate , all the PVC pipe length 
which has direct contact with the copper plate, and the copper lip which 
has direct contact with the secondary air was considered, along with 
about 0.3 in. (0.762 cm) of Flberglas Insulation beneath the copper 
plate to account for the heat flux lines bending toward the PVC pipe. 

The ratio of direct conductance to the total conductance, KFL, was 
obtained and expressed as 


Previously the average value of the KCONV = 0.32 was used. After a dis- 
cussion with Mr. M. E. Crawford for this thesis work, KCONV was recast 
as a function of SCFM. 
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KFL - 0.21 + 0.03A4 SCFM , 

If SCIM < 5.0 (2.6a) 

KFL » 0.0762 + 0.226 SCFM , 

If SCFM > 5.0 (2.6b) 


This result Is for the nine hole rows. The rows which have n holes will 
have KFL calculated by SCFM multiplied by 9/n to get the proper flowrate 
In Individual holes. After KCONV and KFL were obtained, the energy loss 
from the plate to the secondary gas stream was calculated as 


‘FLOW 


KFL • E 


CONV 


(2.7) 


In the above expressions, the casting was not assiimed to be heated 

or cooled by external means. In reality, the casting temperature was 

controlled Independent of T and T to minimize the heat loss. The 

o g 

correction to the external heating or cooling of the casting was simply 
made In the definition of e of Equation (2.2). The denominator (T^ - 
T ) was expressed as 

O 

(T - T ) - KFL(T - T ) + (1 - KFL) (T - T ) 

o g' ' o g o g' 


If there Is no external heating or cooling to the casting, then (T 

T ) would be equal to (1 - KFL) • (T - T ) , because T would have 

the temperature determined by the conductance ratio, KFL , between T^ 

and T . Thus T. was expressed as 

g 2,eff 

T- ,, - T +e • |kFL(T - T ) + (T - T ) 1 (2.8) 

2,eff g Log cav g' ] 


The value of T 2 
^flow’ 


then, was used for the calculation of 


E 


conv 


and 


(c) Flow Direction Conductance 

The flow direction conduction loss, 9 j>dcond’ theoretically 
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calculated and uniformly the conductance, S. , was set as S. - 0.8 In 

1 1 

the expression 


^FDCOND " ®i^'^o,i"^o,i+l^ ^i-l^’^o,l"'^o,l-l^ 

(d) Radiation Loss 

The effect of the channel geometry has negligible effect, and 
the radiating material In the air (vapor and CO^) absorbs less than 3Z of 
the radiated energy from the plate. Thus It Is effectively calculated 
as 

- t-> 

The emlsslvlty of the surface, , was estimated from the suggested 
values which appear In the radiation property of copper surface and a 
Is the Stefan-Boltzman constant. Nominally, ■ 0.12 was used, and the 
hole area was considered black, which Increases by 0.03 . 

(e) Energy Balance Run 

After all these loss mechanisms were studied and tested separately, 

they were put together In the Stanton number data reduction program. The 

total heat loss, d. , was calculated as 

loss 


^loss 


^cond ^flow ^ ^FDCOND ^rad 


( 2 . 11 ) 


then the convected heat transfer on the surface of the copper plate was 
calculated as 

^conv " total power supplied - q^oss (2.12) 


and the plate Stanton number was calculated 


St 


‘conv 


p U c 
■^00 00 1 


,(T - 




(2.13) 


where A Is the total heat transfer area Including the area of holes. 
The variable property correction was made to get the constant property 
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Stanton numbers. In the energy balance runs, the following conditions 
were maintained. The primary blower was run without cooling the primary 
heat exchanger. Then the main stream reached an equlllbrltJDn temperature, 
about IST (8.3°C) above the ambient temperature. The aluminum casting 
was cooled by cold water and the copper plate was heated to the same tem- 
perature as the main stream temperature. In this case, T - T was 

o 

maintained within +0.5°F (^.S^C). This mode of operation eliminated the 
convective energy transfer and radiative loss from the plate. The main 
loss mechanisms were conduction loss and the flow loss due to the secondary 
air stream. The flow loss Is not large unless the secondary gas stream 
temperature Is distinctively different from the plate temperature. In 
the present runs, the secondary air temperature was about 1°F (0.55°C) 
different from the plate temperature. The runs were made at M > 0.0, 

M ■ 0.45 , and M * 0.7 , with = 55 ft/sec (16.7 m/sec). These energy 
balance runs showed how much energy Imbalance exists which Indicated the 
accuracy of the energy measurement system. The* results are shown In 
Figure 2.10. The accuracy of the power measurement Is about ^.3 watt. 

This can be converted Into the error In the Stanton number following 
Moffat [2], using the expression 


6St 


6e 

P U c ATA 

* 00 00 p 


(2.14) 


Here AT = 23“F (12.8®C), and of 55 ft/sec (16.7 m/sec) were used. 

This Stanton niomber error, 6 St , represents the Stanton number uncertainty 
caused by the uncertainty In the measurement of power. The uncertainty In 
St of 6St => 0.00005 was found. The main reason for this high accuracy 
Is believed to be the fiberglass Insulation used underneath the copper 
plate. 

The above result applies mainly to the 6 >■ 1.0 case, where the 
secondary gas temperature Is the same as the plate temperature. For the 
6 > 0 case, where the secondary gas temperature Is much different from 
the plate temperature, the flow loss term, ^f^QW ’ large. In 

this case, the convection coefficient In the PVC pipe was measured as 
KCONV, but KFL was not measured. The confidence level In the estimation 
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of KFL In the worst case Is about +20Z. This much of the KFL change adds 
H^.6 watt to the power measurement uncertainty. This leads to the power 
measurement uncertainty In the 6 » 0.0 case of +1.0 watt. The Stanton 
numbers at 6 0 are generally high, so the percentagewise error for 

0-0.0 Is not much greater than that for 0 - 1.0 . For the better ac- 
curacy for 0-0.0 , an additional test would be necessary to measure 
KFL. 

D. 2 Hydrodynamic Qualification of the Tunnel 

This part of the qualification was to prove that the flow In 
the channel was acceptably two-dimensional and that the velocity profiles 
were the accepted turbulent ones. Free-stream turbulence Intensity was 
measured to show that the level In the free-stream was low enough. The 
stability of the hydrodynamic boundary layer was also proved by the exper- 
ience of running the test rig under the various conditions. 

Free-stream velocity was measured at five points over the plate up- 
stream of the first row of holes with a Kiel probe. The velocity variation 
was within the measurement uncertainty. 

The two-dlmenslonallty of the boundary layer was demonstrated by 
taking the momentum thickness and the enthalpy thickness variation across 
the channel. Momentum thicknesses at the first plate on the blowing sec- 
tion were measured at the free-stream velocity of 55 ft/sec (16.7 m/sec). 
This showed very uniform boundary layer growths over the center span of 
the channel. At both ends of the channel width, momentum thickness was 
higher, which was also observed In Anderson [9] and which Is believed to 
be due to the corner flow (Figure 2.11). For runs with a low momentum 
thickness, the main stream was accelerated In the region of the foreplate 
to produce a small boundary layer. Then the free-stream velocity was 
maintained at 40 ft/sec (12.2 m/sec) and the momentum thickness and the 
enthalpy thickness were measured across the channel, and It confirmed the 
above result again. 

The data showed that the momentum thickness upstream of the first 
row of holes Increases as M Increases. This trend was consistent with 
every measurement of momentum thickness. Since the measurement station 
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was only two In. upstream of the first row of blowing holes, this was 
obviously due to the flow blockage effect from the Injected secondary 
air stream. Thus in the evaluation of virtual origin, the velocity pro- 
files taken at M » 0 were used, and the Increase of momentum thickness 
was considered as part of the discrete hole blowing effect on the hydro- 
dynamics of the tunnel. 

Figure 2.11 also shows the free-stream turbulence variation at M « 

0.6 , and one value at M = 0 . With M = 0 , free-stream turbulence 
level Is about 0.4% and with M ■ 0.6 about 0.57%. The free-stream 
turbulence was remarkably uniform across the chsinnel. 

Figure 2.12 shows the velocity profiles for the flat plate conditions. 

One of the profiles was taken on the plate without holes, and the other 

on the plate where the holes are plugged up to produce P/D = 10 . The 

comparison of these two profiles showed that the cork plug Is so smooth 

that Its effect Is not felt In the velocity profile measurements. These 

two profiles showed good logarithmic regions and the proper wake strength. 

The region near the sublayer is slightly higher than expected perhaps 

because of pitot probe error near the wall. The skin friction coefficient 

In this case was found by fitting the u - y to the logarithmic law of 

+ + 

the wall in the range of y = 75 to y = 125 (Clauser plot). This 
represents the average shear stress obtained from three to five points. 

The two-dimenslonallty of the potential core and the boundary layer was 
confirmed; the stability of the tunnel was confirmed by several repeated 
measurements of the velocity profiles. Then it was decided to go ahead 
and take the flat plate. Impermeable heat transfer data to give a final 
qualification of the rig. 

D. 3 Heat Transfer Qualification 

The final qualification runs consisted of several cases of un- 
blown heat transfer tests. The free-stream velocity was maintained at 
approximately 54 ft/sec (16.5 m/sec) and with the plate temperature about 
25“F (13.9®C) above the free-stream temperature. The effect of changing 
the wall temperature level was not investigated because It was well In- 
vestigated previously by Reynolds et al. 160] and Moffat [2]. After the fore- 
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plate was accelerated to produce the small momentum thickness, similar 
tests were made with P/D “ 10 and P/D - 5 , and with free-stream vel- 
ocity at approximately 40 ft/sec (12.2 m/s). 

Figure 2.13 shows the results with free-stream velocity of 54 ft (16.5 
m/s) and P/D <■ 5 . The prediction for this case was made by STAK5 [61]. 
The agreement Is generally good. The prediction lies about 3-5% lower 
than the experiment. This Is believed to be due to the roughness effect 
from open holes. In the recovery region, the heat transfer data have more 
scatter than In the blowing region. Since the heat flux meters are cal- 
ibrated within 1% accuracy, this scatter Is attributed to the Incapability 
of the hot water system to produce a uniform test plate temperature, 
hi a later experiment. It was found out that the 1/8 In. copper tubing, 
which accepts polyflo lines, can be easily clogged and that each polyflo 
tube had slightly different heat losses, which changed the effective 
water temperature to the plate. As our primary Interest did not lie In 
the recovery region, control of the flowrate or heat loss behavior was 
not attempted. In this case, however, the unheated starting length ef- 
fect Is also present, which prevents the comparison to the simple cor- 
relation. 

In the next case (Figure 2.13), with “ 40 ft/sec (12.2 m/s), 
the unheated length Is eliminated and a comparison with the established 
flat plate heat transfer correlation Is made posslble-i The first data 
point shows the effect of acceleration on the foreplate and gives a 
slightly lower value than expected. With P/D = 5 , the Stanton numbers 
are about 5% higher than the accepted correlation, shown as a straight 
line In Figure 2.13a. Interestingly enough, with P/D ■ 10, the Stanton 
numbers oscillate, and whenever the hole Is plugged the Stanton number 
Is right on the line: for the unplugged holes the Stanton numbers are 

slightly higher than the line. In the recovery region, the data fol- 
lowed the accepted correlation, with more scatter In data. This Is also 
due to the lack of uniform plate teiq>erature, as explained before. These 
two cases gave confidence that our energy measurement Is quite accurate 
and the rig Itself could perform as required for the proposed experiment. 
These flat plate data confirm the flat plate correlation. 
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(2.15) 


St - 0.0295 Pr”°'^ Re^' 

within Its experimental uncertainty. The value of Pr of 0.715 was used. 
E. Uncertainty Interval 

It Is difficult to assess the overall uncertainty. Including the pos- 
sible physical changes In particular geometry. In this program, various 
levels of uncertainty were counted, and appear In the following table. 

The propagation of uncertainties was accounted for by the procedure 
of Kline and McCllntock [62]. 

Variables 

Static pressure 

Stagnation pressure 

Temperature, except probe 

Temperature probe 

Secondary air flow rate 

Heat flux meter 

Distance normal to wall 

Flow direction conductance 
measured 

Power 

Virtual origin 


Uncertainty 

0.005 In. (0.127 mm) of water 
0.002 In. (0.0508 mm) of water 
0.25“F (0.14*0 
0.15*F (0.08*C) 

3% 

IZ 

0.001 in. (0.025 mm) 

5Z 

0.3 watt @6-1.0 and 
1.0 watt @ 0 * 0.0 

1 In. (2.54 cm) 


For the free-stream velocity of 55 ft/sec (16.7' m/s), the Stanton 

number uncertainty for all the runs with 6-1.0 or with no blowing is 
-4 

^.5 X 10 with the given power measurement uncertainty of ^.3 watt. 

For 0-0.0 cases, KFL was not confirmed experimentally and the power 

measurement uncertainty Increases to about 1 watt so that the Stanton 

-4 

number uncertainty becomes +1.5 x 10 . For higher velocities than 

55 ft/sec (16.7 m/s), the uncertainty In the Stanton number decreases, 
and for the lower velocities. It Increases. 
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The reason that the stagnation pressure could be measured more ac- 
curately than the static pressure was that the stagnation pressure was 
measured by the pressure transducer, which Is calibrated to a precision 
micromanometer, and the static pressure was measured by the Inclined 
manometer which was not calibrated. The thermocouple was calibrated with 
the quartz thermometer. Secondary flowrate measurement errors Included 
the uncertainties due to ASMK orifice meter accuracy, zero drift, and 
Interpolation errors. 

F. Data Reduction Program 

In the processes of data reduction and Instrument calibrations, various 
programs were written. Small programs made for the Instrument calibration 
will not be discussed here. 

Two major data reduction programs were used: one for velocity and 
temperature profiles and the other for heat transfer. 

Program PROF converts the boundary layer velocity and temperature 
readings to the proper engineering unit. The trapezoidal rule for numer- 
ical Integration Is used to obtain the Integral parameters. In the case 
of the flat plate. It computes the skin friction and calculates u*** and 
y . To get skin friction. It uses the Clauser plot for y of 75 to 
125. And In the other option. It averages the velocity and temperature 
profiles to obtain the laterally averaged profiles. 

The program STNO Is used to reduce the heat transfer data. It con- 
tains all the calibration constants for heat flux meters and flow meters, 
and also contains the heat loss calibration test results and analytical 
models. It first accepts the raw data and then converts them Into stan- 
dard engineering units. The raw data and converted data are printed out 
separately. Then It calculates the proper non-dimensional numbers like 
Re^ , St and others. If the case Is not a blown one, the program goes to 
the next case. If It has blowing. It compares the two cases, one nearly 
6-0 and the other nearly 6-1.0 , and then calculates the heat trans- 
fer parameters at 6-0.0 and 6-1.0 precisely. It distinguishes ' 
P/D - 5 from P/D - 10 . It also performs the uncertainty analysis. 
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TEST SECTION (SIDE VIEW) 


Figure 2.2 Block diagram of the wind tunnel. 
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BOUNDARY LAYER TRIP 


Figure 2.3 Management of top wall to produce a thin boundary layer at the starting point 
of blowing. 




Figure 2.4 Photograph of manifolds and delivery tubes. 



Figure 2.5 Photograph of the test surface. 
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Figure 2.7 Cross section of the test plate blowing section. 
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diagram. 







TOGGLE SWITCHES 



HI, H2, ; HEATER ELEMENTS FOR FLOW METERS 



3 120 V POWERSTATS, 
GANGED TOGETHER 


Figure 2.8 Power line diagram (contd.) 
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FLOW HEATER 



Figure 2.9 Thermocouple circuit with heat flux meter circuit 



Figure 2.10 The results of energy balance tests. 
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Figure 2.11 Variations of free-stream turbulence level, momentum and 
enthalpy thicknesses across the channel. 
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Flat plate, U„^55 ft/sec (16-8 m/s) 

o H=l.34, Reg 2 = 29l5, Cf/2 = 1.666 x lO'J. 
(X-Xvo)=46.3 in (1 18 cm) 

□ H=l.34, Reg2 = 38 10, Cf/2 = 1,542x10'®, 
(X-Xvo)=65.0 in (165 cm) 

I III I I I 1 1 1 1 I 

2 5 103 2 


without blowing. 










Figure 2.13 Heat transfer results for flat plate conditions. 
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CHAPTER III 

SUPERPOSITION APPROACH FOR FILM COOLING 


In this chapter, an investigation for a possible new scheme for 
organizing heat transfer data in full coverage film cooling is made. In 
particular, this proposed scheme gives a common basis for transpiration 
cooling and film cooling. Several advantages of the proposed scheme over 
the conventional one are discussed. 

A. Introduction 

The relationship conventionally used in film cooling theory is an 
adiabatic wall temperature rate equation of the form 


= h 


("o- 


T ) 

a.w. 


(3.1) 


where T 

a.w. 


is obtained from the adiabatic wall effectiveness, H , 


n 



(3.2) 


In film cooling [11-27], r) has been extensively Investigated for 
the various geometries of injection. The symbol n and the name adia- 
batic wall effectiveness probably originated In the pioneering work in 
this field by Wieghardt [11]. In the case of tangential or near- tangential 
slot-film cooling, the value of h^ is frequently used in place of h* 
in Equation (3.1). This is justified in the far downstream region, but 
not near the slot [12,14]. The same situation holds for the case where 
a porous strip is used for fluid injection [23]. Early studies examined 
only the variation of adiabatic wall effectiveness, relying on the use of 
h^ . This approach was successftil in applications like slot-film cooling 

of gas turbine combustion chambers , but failed when called upon to pre- 

* 

diet heat transfer rates near the injection source. In such cases, h 
cannot be approximated by h . Two sets of data are then required: n 

and h , each as a ftmctlon of position and blowing strength. 
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On the other hand. In the study of heat transfer In boundary layers 
with blowing and suction at the wall, It Is conventional to use a rate 
equation of the form 


. h(T^ - TJ (3.3) 

(Moffat [2]), In which case, unlike Equation (3.1), the heat transfer Is 
based on the wall tenqperature and free-stream temperature, which are 
known a priori. Metzger [19] proposed this scheme In film cooling and 
presented h/h^ as a function of the secondary Injection temperature 
normalized by the temperature difference between free-stream and wall, 

6 , but later presented his data In terms of n and h* obtained from 
his heat transfer data [38], following Eckert's suggestion (discussion 
to [19]). 

In this chapter, a variation based on Equation (3.3) Is proposed, 
developed, and compared to the conventional adiabatic wall-effectiveness 
scheme. 

B. Film Cooling and Transpiration Cooling 

In transpiration cooling with a thick porous plate, the temperature 
of the porous surface Is always the same as that of the blown gas. The 
path length of the transpiration gas Is so long compared to the pore size 
that the porous plate acts as a heat exchanger with an effectiveness of 
practically unity. In the case of film cooling, however, the injection 
geometries are such that the secondary gas temperature can be considerably 
different from that of the wall. In the cases using a porous strip to 
inject fluid the blowing is hard enough so that the boundary layer is 
blown off, and again the secondary Injection temperature is essentially 
Independent of the surrounding wall temperature, as In slot-film cooling. 

In short, in engineering terminology, transpiration cooling implies 
0 “ 1.0 necessarily, while with film cooling, 0 is a variable param- 
eter. The Independence of 0 may well be a better identifier of 
"transpiration" vis-a-vis "film cooling" than is the physical geometry. 
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C. Linearity of the Govarnlng Energy Equation 

The governing energy equation for low-speed, constant-property flow 
Is linear In temperature, and the boundary conditions prescribed In the 
study of film cooling or transpiration cooling are also linear. It Is 
frequently useful to take advantage of linearity to construct solutions 
to complex problems by superposing solutions to simple problems. 

Let us discuss a situation In which the solid plate Is uniformly at 
t^ and fluid at a temperature t^ Is Injected through holes In the 
plate. Let the solution to the energy equation be denoted as T(0) when 
6 ■ 0 and T(l) when 6 ~ 1 . As a consequence of the linearity of 

the energy equation we can write: 

T(0)* - T(0) + 6 X AT , (3.4) 


with 


AT - T(l) - T(0) . 


The heat transfer coefficient h Is defined as 


k^l 


- h(T - T ) 
' o 


Multiplying Equation (3.4) with the operator 


dy 


and then using the definition of h , we have 


h(0) - h(0) + 0 X (h(l) - h(0)) 


By forming the non-dlmenslonal Stanton number, 

St(0) - St(0) + 0 X (St(l) - St(0)) 

T(0) means T(0,x,y,z) 


(3.5) 


(3.6) 
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Experimental results show that St(0) > St(l) , so it is more straight- 
forward to write 

St(6) - St(0) - 0{St(O) - St(l)} . (3.7) 

This result is plotted in Figure 3.1 along with experimental data in sup- 
port. Metzger et al. [19] also verified the linear property of heat 
transfer coefficient h , with respect to 9 . 

D. Experimental Confirmation 

To show that the above result is true, experiments were run with 
three different values of 0 at a fixed value of M (Figure 3.2). The 
exact values of 0 and M varied within about 6% from plate to plate, 
but the agreement between experiment and prediction is excellent. 

The above experiments confirm the theoretical result, as shown in 
Figure 3.1 in the coordinates of St and 0 with all other parameters 
fixed. Values of St at any two values of 0 serve to define the 
straight line in Figure 3.1. This is the essential property of the pro- 
posed scheme. 

For all the values of 0 other them 1.0 and 0.0, a simple linear 
interpolation or extrapolation will give the necessary St or heat 
transfer coefficient. If the St obtained for a particular value of M 
and 0 falls below the M 0.0 case, there is a cooling effect; other- 
wise an adverse effect. 


E. Relationship between the Effectiveness /Adiabatic Wall Scheme and the 
Constant Wall Temperature Superposition Scheme 


The purpose of the following text is to demonstrate the one-to-one 
correspondence between the two schemes and to derive several useful 
formulae. 

Suppose one Increases the value of 0 until “ 0 bhe constant 
wall temperature scheme. We obtain 


0 

a.w. 


0(q;' - 0) 



(3.8) 
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The last Identity Is from the definition of n • Metzger et al. [38] 
evaluates n based on Equation (3.8). Equation (3.8) can be realized In 
the full coverage film-cooled region In an averaged sense around each row 
of Injection holes. Also In the slot fllm-coollng case, this relationship 
must be realized In an averaged sense over the entire plate as In Metzger 
et al. [31]. In addition, 6 and n can be functions of x . Thus 
Equation (3.8) Is an approximation which Is valid when Couette flow 
assumption Is true as will be discussed In the next section. 

Also, for the general wall heat flux equation, 

q" - h(0,M)(T^-Tj . 

h(6,F) Is, from Figure 3.1 and from the fact that h and St are pro- 
portional, 

J 

h(6,M) - h(0,M) - 6 X Ah 


q" - h(0,M){l- (I^-TJ 

Also, from Figure 3.1, we have 

ASt _ 1 

St(0,F) 0 

a.w. 


(3.9) 


- h(0,F){l - 0 X n) (T^ - TJ . 

Eckert derived a similar expression for h /h(0,F) In discussion to [19]. 
From the definitions of 0 and n , we have 


1 - 0 X r) 


1 - 





1 - 0 X n 



(3.10) 
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Thus we have 


) , ,, (3.11) 

However, Equation (3.11) Is precisely the form of the adiabatic wall 
scheme. We have thus shown that h can be equated to h(0,M): 

h* - h(0,M) (3.12) 

Note that Equation (3.8) was essential In this derivation and the 
formulae derived are valid with the Couette flow approximation which Is 
sometimes a very good approximation In the turbulent boundary layer. 

From this analysis we obtained several Interesting relationships. 

h* - h(0,M) (3.12) 


1 _ St(O.M) - St(l.M) 

»a.w. ■ 


(3.9) 


1 - n X 0 


T - T 
o a.w. 

T - T 
o » 


(3.10) 


From plane geometry and Figure 3.1, 


St(l,M) ^ Ti_ 
St(0,M) 1 

n 


St(e.M) ^ rL_ 
St(0,M) 1 

n 


Note that the last Identity says 



T 


a.w. 

T 


00 


T - T 
o a.w. 

T - T 
o °° 


h(6,M)(T^ - TJ = h(0,M)(T^ - ) 


’o 


which is obvious from Equations (3.1) and (3.3). Also note that In de- 
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riving this relationship It was not necessary to use the fact that the 
wall heat flux calculated either by Equation (3.1) or by Equation (3.3) 

Is the saae. This means our derivations are self-consistent with all 
other definitions and concepts. 

In the case of the constant wall teoqperature superposition scheme, 
one may encounter singular points as In the pipe flow heat transfer prob- 
lems. The following examples may be of Interest. 

(1) Case 1; T ■ T , T- > T 
' o “ * 2 o 

Constant wall temperature superposition scheme 


Mow 


Assume T ■ e + T_ . Then 

O W 


e - 




St(0,F) 


St(0,M) - 0 X ASt 
St(O.M) - ^ (T 2 - TJ 


4" - h(0,M)(T^ - TJ 



e 


11m 4" - - Ah X (T - T^) 

e-+o 

4 ;' - - Ah X (T 2 - T^) 


Adiabatic wall scheme 


42 ■ 


* . 

h (T^ - 


T ) 
a.w. 


- h(0,M)(T^ 


T 


a.w. 


) 
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4 ;; - 

- - h(0,M) => 1 X CTj - ■];„) 

Now, from Equation (3.9), 

h(0,M) X n = Ah - h(0,M) - h(l,M) 

- - Ah(Tj - T^) 

- -ihCTj-T^) 

This Is the same result as before. 

This problem’ Is a special case which can be solved by the application 
of the superposition principle. Also, note that the heat flux at the 
wall has a negative sign and that temperature potential (T 2 “ '^q) 
appears . 

(2) Case 2; T = T 

o a.w. 

Adiabatic wall scheme 


q" - h(0,M)(T - T ) 

^o o a.w. 


’o 


Constant wall temperature superposition scheme 


4" - h(9 , M)(T - T ) 

o a.w. o ^ 


h(6 ,M) - 0 by definition 

Si • w • 


This Is the same result as before. 
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Three methods are available for the presentation of locally averaged 
fllm-coollng heat transfer data In the full coverage flln-coollng geoot- 
trles. The three methods are: 


Method 1 ; Use an adiabatic wall test module (or use the mass trans- 
fer analogy [42,49]) to obtain local and/or average u , 
then use a constant wall temperature (or heat flux) test 
module to obtain St based on Equation (3.1) 


Method 2 : Use a constant wall temperature test module and obtain 

St(6,F) as a function of 6 [19] or from these data 

obtain St and r| [38 ] . 

Method 3 : Use a constant wall temperature test module to obtain 

St(0,F) and St(l,F) and use linear superposition to 
compute values of St for 6 other than zero and unity. 
This is the method used In this thesis. 


The value of n obtained by Method 1 may not be the same as that 
obtained by Methods 2 and 3, because In Method 1 T 2 Is fixed and T^ 

Is a variable, while In Methods 2 and 3 T^ Is kept constant and T 2 
Is changed. The following example shows that the two procedures would 
not give the same results for n even though the values of 0 in both 
cases are exactly the same. 

Consider two hypothetical cases with the same flow field In the two- 

dimensional boundary layer situation: Case I has T 2 fixed at 1.0, and 

the wall is adiabatic yielding T^ ■ r| (x) as the solution. Case II has 

T constant at 1.0 and T„ varies as 0 (x) to give the adiabatic 

o Z a.w. 

wall. This is depicted in Figure 3.3. The governing equation for both 
cases Is 

(3.13, 

where is the total dlffusivity for heat. 
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3T 

If the Couette flow assumption Is made, then will vanish and 

oX 

eliminate the x dependence, and Case II can be converted to Case I by 
dividing all the boundary conditions by 0 (x) and by using Equation 

(3.8). Without the Couettte flow assumption, the conversion is not pos- 
sible. This example Indicates that n In Method 2 should not be Inter- 
preted the same as In Method 1. 

Also, as was discussed by Mayle et al. [47], In Method 1 the average 

value of {h(0,F) x ti) must be approximated as the {average of h(0,F)} 

X {average of n}» to obtain the average heat flux. This approximation 

is not true if h(0,F) or n is not constant in the z-directlon. Again, 

in Method 3 there is no such ambiguity, since averaging h has the same 

effects as averaging q" with the locally constant (T - T ). 

o o ® 

G. Discussion 

Even though the words "adiabatic wall effectiveness" seem to denote 
the overall performance of cooling, it is only a partial effect of film 
cooling on the rate Equation (3.1). To be valid all over the protected 
region, both r| and St(0,F) must be measured. 

The same information can be obtained by a superposition method, with 
all the effects of film cooling lumped into the function St(0,F). This 
is a sufficient overall performance parameter. 

For the case of constant wall temperature, the superposition scheme 
will require less algebraic manipulation, because it directly calculates 
St(0,F) or h(0,F) appropriate for use with the known temperature dif- 
ference (T - T^) . 

Even more cogent arguments are related to the use of existing numeir- 

ical prediction techniques for locally averaged heat transfer rates when 

the Injectant temperature differs from the wall temperature. In the case 

of a constant wall temperature, the program can be executed with the 

actual boundary conditions (T , T- and m" ) , as in any other two-dimen- 

o z o 

slonal boundary layer problem. 

If this problem were attempted using the effectiveness/adiabatic 
wall temperature scheme, either an internal correlation for n would be 
required or the program would have to be run twice: once for the 
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adiabatic wall temperature and the other for h(0,F) , for the locally 
averaged quasi- two-dimensional field. 

From the research standpoint, to investigate the effect of one param- 
eter on film cooling, if one follows the adiabatic wall scheme, one must 
have two test plate modules: one for the adiabatic wall tests and the 

other for the constant wall temperature tests. 

If one uses the constant wall temperature superposition scheme, 
St(0,F) and St(l,F) can be obtained with equal accuracy with one con- 
stant wall temperature test plate module. 

A last, but also Important, point is that one can make an analogy 
between x-momentum and heat by making use of the similarity in the equa- 
tions and the boundary conditions for heat and momentum transfer, yielding 
good estimates of the skin friction coefficients. In the case of a 
three-dimensional, full coverage discrete hole, film-cooling problem, the 
acquisition of skin friction data is, at best, an extremely time-consuming 
process. 
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Figure 3.1 Diagram explaining transpiration cooling and film 
cooling In terms of heat transfer coefficients. 
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Figure 3.3 Idealized experimental conditions 




CHAPTER IV 


DERIVATION OF BASIC EQUATIONS FOR LOCALLY AVERAGED PROPERTIES 
A. How to Average 

A complete analytical description of full coverage fllm-coollng 
through discrete hole arrays requires a full three-dimensional, Navier- 
Stokes equation and a full three-dimensional energy equation. The liter- 
ature describing the cross flow jet field for M > 2.0 [63,67] contains 

evidence that there exists a horseshoe vortex around each jet with a com- 
plicated turbulence field. The pressure also varies around each jet. 

All these facts suggest that no simple approximation will capture all the 
physics In this case. Ramsey et al. [37] confirmed the complexity of the flow 
field around the jet for M 1.0 reporting a slightly different flow 
field than Abramovich [67]. It was not clear whether there was a horse- 
shoe vortex at M - 1.0 but flow separation was Indicated. Since our 
Interest Is in the range of M •= 0.1 to M “ 1.0 , we would expect flow 
separation after each jet near M 1.0 , accoiq)anled by a complicated 
turbulence field. 

This leaves us In a difficult situation. Two problems are confronted, 
each of which Is presently beyond the state of the art. One is three- 
dimensional flow separation, and the other the turbulence modeling In 
such flow. A full, three-dimensional, Navler-Stokes equation cannot be 
solved successfully within a reasonable computation time for high Reynolds 
numbers with the present day computer capability. Also, a proper model- 
ing for turbulence field requires an experimental Input which can be only 
obtained through the tedious three-dimensional probing. This will be a 
very time-consuming task. 

At this moment It Is fruitful to look back at the approaches used 
to handle "two-dimensional" turbulent flows. Various Ideas have been 
brought up, but basically all models and Ideas use one common operation: 
the governing equation was averaged (ensemble- average In this case). 

Our primary Interest Is In the mean motions and me£in shear stresses. 

Averaging brings In the well known Reynolds stress terms, due to the non- 
linearity in the convective terms. 
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with an analogy to two^^^dlmenslonal turbulent flow studies, a simpler 
equation can be obtained through averaging In the present case. This Is 
related to what we really want to know In full-coverage film cooling 
through discrete hole arrays. Esgar et al. [1 ] described two problems 
In the gas turbine cooling situation as was mentioned In the beginning 
of Chapter 1. Our major Interest Is In obtaining the overall temperature 
level, not the detailed temperature variation between holes. This vaguely 
suggests that proper averaging must be done around each hole. This Is 
one requirement for a problem of how to average the governing equation to 
reduce the three-dimensional problem to a two-dimensional one. This type 
of analysis Is only valid for a periodic array of holes, which Is the most 
Important type used for the gas turbine blade cooling application. 

Another requirement for simplification Is to reduce the governing 
equation to the boundary layer type equation. The full two-dimensional 
problem can be solved, but It takes considerably longer computation time 
than the boundary layer problem. To see whether the boundary layer ap- 
proximation Is valid, the boundary layer thickness was measured approxi- 
mately for various values of M by using a pitot probe at the end of a 
stethoscope and listening to the turbulence noise Intensity by ear. This 
rough measurement Indicated that the boundary layer thickness was between 
one Inch (2.54 cm) and four Inches (10.16 cm) over the 24-lnch (61 cm) 
distance with M “ 1.0 . Thus a "boundary layer" analysis Is reasonably 
valid. 

However, the use of the boundary layer equation requires that the 
wall mass transfer should not be very large, becatise the boundary layer 
equation solves the x-momentum equation, not y-momentum equation. Later- 
al averaging as proposed by Herring [46] Is a good way to reduce the 
three-dimensional problem to the two-dimensional problem, but does not 
solve the mass transfer problem. The wall mass transfer Is not small. 

For example, for M = 1.0 and P/D ■= 5 , wall mass transfer after lateral 
averaging Is about F = 0.2 , which Is still veiry large and Is not neg- 
ligible. This leaves only one possibility, local average. 

In our geometry. It is clear what size and shape of area we should 
take for local averaging: the area associated with one hole, as described 
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in Figure 4.1. With this procedure, the well nass tranafer beconaa about 
F * 0.03 with M ~ 1.0 and P/D ■■ 5 • For this amount of wall mass 
transfer, the y-momentum equation can be neglected and the boundary-layer 
eqtiatlon can be used. The area for local average can move continuously 
In the X- and y-dlrectlons , so that the resulting averaged properties are 
still continuous functions of x and y . 

With all the above approximations, the full- coverage film cooling 
problem becomes similar to one with the uniform, porous plate transpira- 
tion. 

The decomposition of p can be made as follows: 

P(x.y.*it) - P(x,y) + p(x,y,z) + p' (x,y,z,'t) (4.1) 

where P Is the locally averaged property and p Is the local variation 
of property p which represents the difference between the ensemble 
average and local average, and p' represents the turbulent fluctuation 
term. The ensemble average of p will give P + p , but the local aver- 
age of p will give P . Also, p - 0 . 


B. Derivation of PDE 


For the low speed, constant property flow with no body force and no 
energy dissipation or no energy source, the following governing equation 
Is realized. For the sake of simplicity of notation, tensorlal notation 
Is used. 


Continuity : 


9xj IJ 


- 0 


(4.2a) 


Momentum: 


Energy i 


3"l^ 


3ui 



3t 



P 

^ 2 



3t 

- 


3T ^ 

“j 

3xj 

2 


from 1 

to 

3 . 

We now Introduce 

the : 


(4.2b) 


(4.2c) 
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Ing, and slnple algebraic manipulation gives 

3U. 


Continuity: ■5 — 0. . 

3xj Ij 


. - 0 


(4.3a) 


Momentum: U 


3^1 


3^U. 


j 3x, 


1 u. “I- ^ 3 / -i-Tn ^3 , ~ ~ V 


Energy: 


3T 


32t 




(4.3b) 

(4.3c) 


where 1 and j run through 2 , and steady state Is assumed. 

Now the following additional assumptions are Introduced: 

1. Boundary layer assumption, and 

2. No abrupt change In wall mass transfer for locally averaged 
field. 

With the Introduction of the boundary layer assumption. Equations (4.3) 
become, using the x- and y-coordlnate , 



M + 


3x 

o| 2 h-v|£ - 
3x 3y 

_ 1 . 

p 3x 


3^U 


3y 


2 ■ 3y 




(4.4a) 


(4.4b) 


_ 1 3P , 3 f 1 2% , 3 / J 

“ ■ - F sF 17 + 3 ? <■'' ' •'“* 


(4.4c) 


3T 


3T 


3^T . 3 


Now the y-momentum equation can be Integrated as 


(4.4d) 


P ~2 . ,2 _ 

— + V + v' - — 

P P 
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with the second approximation, that there Is no abrupt change In wall 
mass transfer, we have 


^ (v^) ^ 0(6) 


Also, v’^ 


Is small compared to the pressure. 


3x 



(4.5) 


Then, using the Bernoulli equation In the free stream, we obtain the fol- 
lowing governing equations: 


+ iZ 

3x 3y 


0 


(4.6a) 




vM . 

3y 


dU 


U 


“ dx 


+ V 


2 

o 

. 2 
3y 


+ (-u’v* - uv) 


(4.6b) 









a 1 
a 

3y 


- tv) 

(4.6c) 

This Is the 

required PDE. Note 

that 

(-uv) and 

(-1?) 

terms appear In 

addition to 

the turbulent correlation 

terms. 




C. Derivation of Integral Equations 

Two different approaches were taken to derive the Integral equations: 
one from the PDE (4-6) , and the other from the global conservation on the 
boundary layer. The comparison of these two derivations gives the wall 
value of -uv and -tv , which Is an Important step In the construction 
of the model In solving PDE . 

C.l Derivation from PDE 

By Integrating Equation (4.6b) from 0 to h , where h Is 
outside the boundary layer, we obtain 
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At y-h, -u’v* “ 0 , and -uv ■ 0 . At y ■ 0 , v 

3y 


M . 

3y . 


g T /p , -u*v' - 0 , and (-uv) ^ 0 . Thus, 

o o 




g T 

— * <“’')o 


(4.7) 


From Equation (4.6a), 


Vo- 

ft 


(4.8) 


Thus, using Equation (4.8), the left hand side of Equation (4.7) becomes: 

j o O *vo 

Now, Integrating by parts, we obtain 

Jo Jo 


Using this result. Equation (4.7) becomes 
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f -D ^ + 

3x «o dx «> dx 




By rearranging the tenu and using the boundary condition for U ■> 0 at 
■ 0 , we obtain 


if 


U(U^ - U)dy + 


^ f' 

dx / 

o 


(U^ - U)dy 


8 T 

*C o L ,, 

+ V U - (uv) 

p O 00 ' 'o 


Using the definitions of momentum-deficit thickness and displacement 
thickness, we have 


«^2> 


g T 
*c o 


dU 


+ V U - (uv) - U ^ 6, 
P Ooo''o oodxl 


(4.9) 


where momentum deficit thickness, 6^ > Is defined as 


'i *2 


/: 


U(U_ - U)dy 


and displacement thickness, 6^ , Is defined as 


U 6, - / 

00 1 I 


(U - U)dy 


Similarly, for the energy Equation (4.6c), we can derive the energy 
Integral equation. 


{U (T - 
dx 00 o 


T„)A2> - 


-2- + V (I - T ) + ffv) 
pC o' O oo' ' '( 

^ P 


(4.10) 


In Equations (4.9) and (4.10), there appear (-uv)^ and (-tv)^ , which 
are due to the non-equlllbrlum situation In the film cooling; the Injec- 
tion angle of the Jet Is not necessarily normal to the wall, and the In- 
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Jectlon gas temperature does not have to be the same as the wall temper- 
ature. These two terms are always zero In the uniform transpiration prob- 
lem. Also, note that the derivation of Equations (4.9) and (4.10) used 
the boundary conditions U ■ 0 and T ■ at y ■ 0 . These boundary 

conditions are true at the wall but not at y > 0 from local averaging, 
but, from the practical applications, what Is Important Is the solid wall 
temperature, not the true average of the solid and the Injected gas tem- 
perature. The slip boundary appears (U 0 at y “ 0) If the true 
average velocity at y ■ 0 Is used. 

The above treatment provides convenience In application. 

For the evaluation of (-uv)^ and (“tv)^ , the derivation of Inte- 
gral equations from global conservation Is necessary. 

C.2 Derivation from the Global Conservation on the Boundary Layer 
The control voltune for mass, momentum, and energy Is shown In 
Figure 4.2. The local average Is made In area A with sides £ x s . 

Then all the properties are Integrated within this area at x and x -I- 
Ax ; then the normal bookkeeping for conservation of property Is pursued. 
Conservation of mass within the control volume gives 

m Ax -I- {p U (h-6 ) + (P U (h-6,))Ax}A “ m Ax p U (h-6,)A 

for steady state. 

By Integrating over the area A , we have m and m , not m" 

o®° o 

and m^ . Also, the following Identity was used. 

/ pudy - P„U„(h-6^) 

•'o 

Thus 

- *o - It 

Then collecting the forces and momentum fluxes In Figure 4.2 In the 

form 
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E forces 


{mom} ^ - {mom}, 
out in 




8U 


00 Ax 


- m U Ax - p 

ox ^00 oo' 12 


- g/hL - (g^P + £ Ax)hL - g^T^A 


In this expression the following Identity was used: 

,h 


I. 


pu^dy - P„U^(h-6j^-62) 


Rearrangement of the momentum conservation equation gives 


m 


^ (p^U^Oi-T,-?-)) + 7^(U - U) - - gx - gh^ 

dx oo' 12 '' A oo x' ®c o ®c dx 


dP 


Now g -r- can be substituted by 
“c dx 


dP „ 

- g -T— ■ P U -Z 

®C dx 00 oo dx 


Then finally we obtain the following momentum Integral equation: 


4 - (p U^.,) - gx +T^(U - U)-pU 7 , 

dx '^00 00 2 ' “c O A ' oo x' ^OO oo 1 


dU 

a 

dx 


In this case, fluid Is considered Incompressible and P^, ** P * const. 

JO g X m dU 

4- (U^o) - (U - U ) - U 7, 

dx ' oo 2 ' P Ap oo X 00 dx 1 


Now 


A 

- V 

Ap o 


73 


k 


8 „T dU _ 

+ V (U - U ) - U ;r-2 5 
P o oo X 00 dx 1 


(4.12) 


Comparing Equations (4.9) and (4.12), we obtain 


(uv). 


V U 
o X 


(4,13) 


For the energy Integral equation, we can obtain the following result: 


^U„(T -T )A } 
dx o “ 2 

Comparing Equations (4.10) and 

(K)o 



+ V (T -T ) 
o 2 “ 


(4.14), we obtain 


Vo(T2-T^) 


(4.14) 


(4.15) 


By proper non-dlmenslonallzatlon, (4.12) and (4.14) can be recast In the 
form 


d Rej- 

^2 

d Re 


:r^ - (1 + H)K R€^ + F 
2 ©2 


1 - 


U 

a 

U 


(4.16) 


and 


d Re 


St + F • 0 


(4.17) 


where 


R^ - — . . and dRe^.-dx 


Comparing Equations (4.16) and (4.17) to the corresponding Integral equa- 
tions In the transpiration problem, we can conclude that transpiration 
cooling Is the special case of film cooling where 


U 

^ - 0 and 0 - 1.0 always 

C^/2 and St are not necessarily the same as those In the transpiration 
cooling. 
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In this program, we are interested in U - const., (T -T ) const. 

00 O 

with normal injection (U^ ■ 0). Thus Equations (4.16) and (4.17) become 


and 



(4.18) 



St + F • 9 


(4.19) 


With normal injection, the only difference from the unifom transpiration 
problem is the appearance of 6 . The effect of discrete hole injection 
in film cooling is contained in 0 , C^/2 , and St through equations 

(4.18) and (4.19). On the other hand, with PDE Equation (4.6) explicitly 
shows the effect of discrete holes in terms of (-uv) and (-tv) . 

The following decomposition for (uv) and (tv) will be very help- 
ful in the later development of the analytical model. We may set 


-uv 


(-uv) 


horn 


+ 


(-UV) 


non-hom 


(4.20a) 


and 


-tv 


(-tv) 


horn 


+ (-tv) 


non-hom 


(4.20b) 


The terms (-uv), „ and (-tv), are the solutions for (“Uv) = 0 , 

__ hom horn o 

and (-tv) “ 0 . The term, (-uv) , , has V U at y = 0 , and 

' 'o non-hom ox 

the te.^ (-^’)hon-hom > ° ^'^'hon 

and (-tv). have zero value at the wall and at free stream, they 
hom ____ 

have similar character as (-u' v' ) and (-t * v' ) . Also they have similar 
governing equations, because they are both perturbations to the Navier- 
Stokes and the energy equations. Physically, it is not easy to distinguish 
between the turbulence correlation terms and the three-dimensional cor- 
relation terms (-uv and -tv) . In evaluating t and q" , we can 

o o 

still use the traditional definitions, as shown below. 

With this decomposition, we can define the total shear stress and 
heat flux as 
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hom 


(4.21a) 


and 


and 


and 




Cw) 




t'v’ - (Ev) 


hom 


d_ 

3y 


(-(uv) . ) 

non-hom 


m 


3y 




(4.21b) 


where S and S. are an effective body force and an effective source, 
m n 

The definitions in Equations (4.21) do not change the wall shear stress 
and the wall heat flux. 


T 

O 



and 


- 

9y 


Also, using the values at the wall, we may put 


(uv) 


non-hom 


Vg\g(y»x) 


(4.22a) 


and 


(tv) 


non-hom 


V (T,-T^)f(y,x) 
o z o 


(4.22b) 


where g(y,x) and f(y,x) represent the distributions of the effective 
body force and the effective source in the boundary layer. They both 
have a value of 1.0 at the wall and 0 at the free-stream. The argument 
y was put before x to show that g and f are mainly functions of 

y • 
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AVERAGING 


Figure 4.1 Area for local averaging. 


0.0 



Figure 4.2 Control volume for the derivation of Integral eqiiatlons. 
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CHAPTER V 


EXPERIMENTAL RESULTS 

This chapter provides two types of data taken In these experiments: 
Stanton number data and the mean velocity and mean temperature profiles, 
which were used to obtain the mixing length profile. 

In these experiments , there were eleven rows of holes for discrete 
hole blowing, with one solid plate used as a guard heater on the upstream 
end. In all the data presented, the second to twelfth data points repre- 
sent the blowing region. The first data point plus the recovery region 
following the twelfth point were not blown. 

All the data were taken at either 0.0 ^ 6 ^ 0.1 or 0.9 ^ 6 ^ !•!» 
and the superposition principle (see Chapter III) was used to get the 
values of Stanton number for 0 = 1.0 and 0 * 0.0 precisely. For the 
recovery region, the average value of 0 In the blowing region was used 
to apply the superposition principle. 

The primary Investigation was done at ■ 54 ft/sec (16.5 m/sec) 
to determine the effect of blowing with this geometry. In these tests, 
the effect of the unheated starting length was certainly present. To 
Investigate this effect, plus other secondary variables, was varied, 
the unheated starting length was varied, and the momentum thickness at 
the first plate, 6^ , was varied. Also, the case of P/D - 10 was run 
to Investigate the effect of P/D . In addition, some untrlpped cases 
were run to show the effect of discrete hole blowing on transition. 

These runs are summarized In Table 5.1. 

The number of data sets was kept as small as possible by changing 
one parameter at a time with other variables fixed. To cover the possi- 
ble combination of variables appearing In Table 5.1, more than 200 data 
sets would be necessary. In this experiment 49 data sets were taken. 

A. Stanton Number Data 

A. 1 Effect of M on Stanton Ntadier (Figures 5.1 to 5.4) 

Figure 5.1 shows the hydrodynamic condition at the first plate 
which was the guard plate, and had no holes. The flow shows a typical 
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Table 5-1 


STANTON NUMBER RUNS 



FORE PLATE 

UNHEATED 

L 

PARTLY 

HEATED 



*^^^HEATED 

TRIPPED 

NOT 

TRIPPED 


■eh 



wm 

wm 



1730 

2810 

5320 

2790 

540 

516 

*(2)Re- 

70 

100 

170 

1820 

590 

555 

P/D 

5 

10 J 

5 

10 

5 

10 

5 

10 

5 

10 

5 

10 

M-0.0 

X 

■ 

X 

m 

X 


X 


X 

B 

■ 

X 

M-0.1 

■ 


X 








■ 


M-0.2 

X 


X 

X 

X 


H 


X 

X 

m 


M-0.3 

■ 


H 

■ 





■ 

■ 

■ 



■ 


X 

■ 





■ 

■ 



M-0. 5 

■ 


m 

X 





X 

m 

■ 


M-0.65 

■ 


X 

■ 






■ 

■ 


M-0. 8 

X 


■ 

■ 






■ 

■ 


M-1.0 



■ 

X 





■ 

■ 

■ 


M-varlable 

■ 


■ 

■ 


■ 



■1 

■ 

■ 



NOTE: (1) The top wall was adjusted In the plate upstream of blowing to 
produce a low Reynolds number turbulent boundary layer in the 
blowing section. 

(2) The values of Reg2 listed here are taken at the 

starting point of blowing. 

(3) For this run, the adiabatic wall effectiveness data, velocity 
and temperature profiles across the span between the two rows 
of holes were taken. 

(4) For this run, three values of 6 were tried. 

(5) Except M“0.0, all the experiments were run at 6-0.0 and 

0 - 1 . 0 . 
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turbulent boundary layer profile with a momentum thickness Reynolds num- 
ber of about 2800, and an enthalpy thickness Reynolds number about 100. 

The reason for the long unheated starting length Is to give a better de- 
fined thermal boundary condition at the wall. The test plates were not 
built to produce the equilibrium ratios of boundary layer growth, thermal 
and momentum, for this region. 

Figure 5.2 shows the heat transfer results In St vs. Re coordl- 

X 

nates. The open symbols represent the 9 = 0.0 (l.e., T_ * T ) case, 
and the solid sjnnbols represent 9 = 1.0 (l.e., T 2 = T^) case. The 
open circles represent the case of M = 0.0 ; l.e., no blowing, used as 
a reference In both parts of Figure 5.2. Blowing was started at the 
second plate so that the second plate would not have the full effect of 
discrete hole blowing. At most, half of the plate feels the effect. The 
case 9 = 1.0 (Figure 5.2a) shows a decrease of Stanton number for all 
values of M below the no-blowing case, except in the Initial region. 

For M = 0.1 , Stanton number decreases below the no-blowing case even 
in the Initial region, but then as M increases, Stanton number Increases, 
until at M = 0.4 , Stanton number is about the same as that of the no- 
blowing case. For values of M = 0.52 and M = 0.63 Stanton number 
increases progressively in the initial region. This behavior Is con- 
fined to the Initial blowing region: after about the 8th plate, the 

Stanton number always decreases further and further below the no-blowing 
case as M increases. The most pronounced reduction of Stanton number 
is seen in the recovery region. The decrease is, however, far less than 
we would expect from a transpiration cooling case with the comparable 
blowing. For example, for M = 0.63 (F ■■ 0.02) , a comparable uniform 
transpiration would completely blow off the boundary layer and give a 
zero Stanton number. The heat transfer behavior in discrete hole blow- 
ing can be explained by the augmentation of turbulent mixing, caused by 
the discrete injection, dominant over the thermal effect of the injection. 
In the initial region, the augmentation of turbulence is quite sudden 
while the mixing of jet flow or thenoal energy with the boundary layer 
flow is a rather gradual process. This explains the high values of 
Stanton number in the initial region. In the downstream the augmentation 
of turbulence and the thermal boundary layer growth is more or less 
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balanced and the Stanton number gets comparatively small. Again, in the 
recovery region, the absence of the discrete hole injection drops the 
turbulence level rather suddenly but the thermal energy remains the same. 
This causes a drastic decrease in Stanton niimber in the recovery region. 

The 6 >■ 0.0 case is shown in Figure 5.2b. In this case, the higher 
the value of M the larger the Stanton numbers, except in the recovery 
region where the ordering reverses. The Increase of Stanton number is 
caused by the Injected gas, ^ose temperature Is the same as the free- 
stream temperature, causing an effective sink. The decrease of Stanton 
number In the recovery region below the no-blowing case Is attributed to 
the thick boundary layer developed by large blowing. The effect of the 
thick boundary layer may be partly overcome by the fact that the Injected 
fluid, whose temperature Is the same as the free-stream temperature, 
creates an effective sink whose strength Is proportional to the blowing 
rate. The decreasing effect of M at high M may be explained by the 
fact that the injected jet penetrates farther Into the boundary layer due 
to Its higher momentum, thus moving the "sink" further from the wall. 

In Figure 5.3, results for 6 ■ 1.0 are plotted in Re /^2 coordinate. 
This coordinate shows Stanton number behavior per unit of enthalpy de- 
livered to the boundary layer. The small arrow shows the end of the blow- 
ing region. M * 0.1 Is the only case which falls below the no-blowing 
case. At M ■ 0.2 , Stanton number is about the same as the no-blowing 
case. As M Increases, Stanton number Increases in the first portion 
of the test plate but then tends to decrease faster in the downstream. 

This is probably due to the fact that thermal mixing becomes more Important 
in the downstream region. Figure 5.4 shows the 6 = 0.0 case plotted in 
coordinate. The regularity of the Increasing pattern in the ’blown 
region Is pronounced. The small arrow shows the end of the blowing region. 

For applications in gas turbine blade cooling. It may not be desir- 
able to have a strong blowing In the Initial region j particularly not with 
a normal angle injection hole. Leading edge values of 6 have been pro- 
posed to be In the range of 1.0 to 1.5 ; strong blowing might Increase, 
rather than decrease, the heat load on the leading edge. 
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A. 2 Effect of (Figures 5.5 to 5.10) 


Figure 5.5 shows the velocity profile on the first plate for 

reduced to 31.5 fps (9.6 m/s). This still shows the expected flat 

plate turbulent boundary layer profile, as did the run at U - 54.9 fps 

00 * 

(16.7 m/s) shown in Figure 5.1 

Figure 5.6 shows the heat transfer results for U 32 ft/sec (9.76 

00 ' 

m/s). The M “ 0.2 case was chosen for cross- comparison, and M ■ 0.74 
and M *• 0.91 0.94 were chosen for additional data. Note that for 

these latter values of M , Stanton numbers at 0-1.0 fall below 10~^ 
in the recovery region. In Figure 5.6b , at M * 0.2 , and 0-0.0 , 
the Stanton number ratio, St/St^ seems to be higher than that at ■ 

54 ft/sec (16.5 m/s). Otherwise, it shows similar behavior as in the pre- 
vious case, and the general behavior can be explained by the augmentation 
of mixing, boundary layer growth and the effective sink. 

The same trend is observed in Figure 5.7 as in Figure 5.3. Especially 

note that at M - 0.17 , the very same behavior as at U - 54 ft/sec 

00 

(16.5 m/s) is observed; the value of Stanton number at M - 0.2 is about> 
that of the no-blowing Stanton number. In Figure 5.8, St/St^ is slightly 
higher than that at - 54 ft/sec (16.5 m/s). St/St^ for fixed 
is the usual correlation for the case of uniform transpiration. Physically 
this ratio represents a comparison of the non-dimensional heat transfer 
performance (Stanton ntamber) of the two situations, evaluated at the same 
energy level of the boundary layer. 

Figure 5.9 shows the velocity profile on the first plate at = 

115 ft/sec (35 m/s). This also shows the fully developed turbulent boundary 
layer. Figure 5.10 shows the heat transfer results at M = 0.2 . Figure 
5.10a shows Stanton number vs. Re for both 0-1.0 and 0 - 0.0 . 

X 

The behavior is very much similar to the U = 54 ft/sec (16.5 m/s) and 
32 ft/sec (9.76 m/s) cases. The St/St^ ratio at fixed 
0 = 0.0 seems to be slightly smaller than that at - 54 ft/sec (16.5 
m/s). At 0 - 1.0 , the Stanton number is about the same value as that 
of the no-blowing case in Re^2 coordinate, the same behavior. 

The results of this series of experiments show that St/St^ is not 
affected by , if properly presented. For the case 0-1.0 
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(resembling transpiration) : 


1 “ toij 

\ 

where 

Bjj - F/St 

This will be shown In Section B along with Figure 5.20. For 6-0.0 , 
St/St^ , evaluated at fixed Re ^2 * slightly as Is Increased. 

A. 3 Effect of Change (Figure 5.11 to 5.13) 

For this test, only half of the foreplate was heated to increase 
the enthalpy thickness at the beginning of blowing. The value of was 

kept constant at 55 ft/sec (16.7 m/s). Figure 5.11 shows the velocity 
profile, and Figure 5.12 shows the temperature profile on the first plate. 
These two profiles show that the momentum and the thermal boundary layer 
are nearly In eqtilllbrlum. Figure 5.13 shows that there is no difference 
In behavior from Figure 5.2 to 5.4 If the same criteria as In the Subsec- 
tion A. 2 Is used. That Is, St/St divided by £n(l + B, )/B, at fixed 

o n n 

Re for 0-1.0 and St/St at fixed ReTr™ for 0-0.0 are used for 
X o 

comparison. 

A. 4 Effect of P/D Change (Figure 5.14) 

To see the effect of F/D change, alternate rows of holed were 
plugged, as well as alternate holes In the remaining rows, using fitted 
corks. This made It possible to produce F/D - 10 . Figure 2.13 (see 
Chapter II) shows that the effect of having cork plugs Is negligible on 
the velocity profile. 

Figure 5.14 shows the heat transfer results at F/D - 10 . The gen- 
eral trends of St for 0-1.0 and 0-0.0 are similar to F/D - 5 
case, but with much- diminished effect. At M - 1.0 with 0 - 1.0 , 


St 

St 


o 

Re 

X 


I 

And + Bj^) 
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Stanton numbers are higher than those of the no-blowing case all through 
the blowing region, a trend not observed for P/D “5.0 . For the same 
value of M , the cooling effect from P/D ■ 10 geometry is much infer- 
ior to P/D “ 5 geometry in Re coordinate. Even at the same value 
of F , the P/D “ 10 case will be inferior to the P/D 5 case, be- 
cause higher velocity jets are formed and they will penetrate farther into 
the boundary layer, which eventually will decrease the effect of the 
protecting sink near the wall, and because the higher velocity jets tend 
to create a higher turbulence level. 

At M “ 0.17 with 6 “ 1.0 , St/St^ at fixed R ^2 to be 

about 1.0 . It is surprising that the behavior of St/St at M “ 0.2 

o 

with 6 “ 1.0 does not change very much from the P/D “5 to the P/D = 
10 case if compared in Re ~^2 coordinate. The small fluctuations in 
Stanton number are due to the fact that the alternate rows of holes are 
plugged up to produce P/D “ 10 . 

A. 5 Effect of ^2 Change (Figure 5.15 to 5.18) 

Figure 5.15 shows the velocity profile on the first plate, with 
the foreplate accelerated to produce the low momentum thickness. A 
boundary layer trip was used to obtain a quick transition to a turbxalent 
boundary layer. In this profile^ a logarithmic region appears at very small 
values of y"*" , y"^ •* 20 'V' 50 . This is partly due to the small value of 

momentum thickness and partly due to the acceleration effect which was 
not relaxed completely. Figure 5.16 shows the temperature profile, which 
is similar to the velocity profile. 

Figure 5.17 shows the Stanton number at P/D ■ 5 with low 6 ^ • 

The M “ 0.0 case is above the known correlation for the flat plate by 
4-7%. This is probably due to the disturbance from open holes which is 
more Important at low 6 ^ . Both in Re^ and ^ 8 X 2 coordinates, the 
heat transfer behavior is essentially the same if the same correlation 
parameters are used. The first point has the effect of acceleration 
and falls below the flat plate correlation. 

Figure 5.18 shows the result with P/D " 10 and small 62 • Both 
in Re and Re^. , Stanton number behavior is very similar to that 

X ^ 

shown in Figure 5.14. 


84 



A. 6 Effect of Discrete Hole Blowing on Lamlnaf’-to-Turbulent Transi- 
tion (Figure 5.19) 

Figure 5.19 shows the Stanton number behavior with a natural 
transition from a laminar to turbulent boundary layer. It shows that 
with M “ 0.2 , transition occurs within about 5 In. (12.7 cm) .These data In- 
dicated that at the center of the channel the flow remains laminar about 
30 Inches downstream of the point where acceleration Is stopped. Also, 
a pitot probe at the end of the stethoscope confirmed that the turbulent 
boimdary layer develops from the side walls towards the center of the 
channel. Even after 50 Inches downstream of acceleration, flow does not 
seem to have fully- developed turbulent flow. This Is probably due to a 
low turbulence level (y 0.4%) and to the acceleration. For M ■ 0.0 , 
there appears a long transition to turbulent flow. The abrupt change In 
Stanton number appears between the blowing region and the recovery re- 
gion because of the different methods of obtaining heat transfer coef- 
ficients between the two sections. In the blowing section, the plate 
energy balance la made over the whole plate area and Stanton number repre- 
sents the true average value. In the recovery region, heat flux meter 
senses only the center two Inches. 

Discrete hole blowing makes a very quick transition, and It probably 
Is not recommended to have discrete hole blowing In the laminar boundary 
layer region as a means of cooling the surface. 

B. Construction of a Simple Theory 
B. 1 Couette Flow Analysis 

From examination of the above Stanton number results. It Is clear 

that heat transfer behavior has a distinctive pattern. Since we have 

developed the proper Integral equations for momentum and energy, what we 

need In terms of prediction Is St/St as functions of 

* *o ° 

the variables of the Integral equations. In this case, this program con- 
cerns Itself with heat transfer behavior, and we need only the experi- 
mental Information concerning St/St^ . 

Now, Invoking the Couette flow approximation on Equations (4.6a) and 
(4.6c), we obtain 
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0 



il 

dy 

1 

> 



From Equation (5.1), V > V . Thus Equation (5.2) becomes 

o 


„ dT d / dT -rr-r 


Using Equation (4.21b), we obtain 


^ _ d_ / q" \ 
dy “ dy \ " pc / 


+ S 


Now 


- -t- (''o0^2-V«5'>) 


( 5 . 1 ) 


( 5 . 2 ) 


( 5 . 3 ) 


To be more general, following the formulations done In Kays [68], we have 

( 5 . 4 ) 


• II dP d / . dP\ — P ^ ^ 

“o dy dy dyy “o^V^o^ dy 


dP 

where P represents property In general, and -X represents property 
flux. The boundary conditions for Equation (5.4) are 


P ■ P at y - 0 
o 

P » P at y - Y 

00 •' 


( 5 . 5 ) 


where Y Is outside the boundary layer. Also, the property conservation 
In the control volume shown gives the following mass transfer relation- 
ship at the wall. 



( 5 . 6 ) 


where g tepresents the general mass transfer coefficient and the driving 
function for the film cooling sltiiatlon Is 
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B - 


P - P m" 

” o o 


P - P 
2 


g 


(5.7) 



(No radiation, no lateral 
conduction, no chemical re- 
action, no source within 
the control volume) 


Equation (5.4) can be Integrated, and we obtain 


At y - 0 


dy 


m" P - X ^ + m"(P- 
o dy o' 2 


"o<"2 - ^T> 


P^)f(y) 


or 


C, - m" P_ 
1 o T 


- '■l> - ^ 


d(P - P ) 

m"(P - P„) - X T ^ 

o T dy 


+ * o(^2 - 


0 (5.8) 


(1) 6 «■ 1.0 Case (P„ = P Case) 

/ o 

In this case. Equation (5.8) can be Integrated and we can obtain 
the following result, as In Kays [68]: 


8 


^ V 1.0 


/. 


(5.9) 


iz. 

X 
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vh«re 


i" 

B - - 

h g 


- P 

*> o 

o T 


Now, as m" 


0 , we have 


limit 

m" 0 
o 


g 


1.0 


/. 


f 


Then we can form the ratio 


^ £n(l + B, ) 

J8_ . 


8 , 


B. 




L 


djL 

X 


( 5 . 10 ) 


(5.11) 


In the case of transpiration cooling, the quantity Inside { } Is unity 
(overall transport property does not change very much) , but In the case 
of film cooling through discrete holes, we have 





(5.12) 


(2) 0 ■ 0.0 Case Case) 

In this case, there Is no closed solution found for g/g^ > but 
we could guess that 


- 

8„ 


♦2«c- 


F, P/D. R«. „) 


(5.13) 


88 



wher* 



and Re^ „ 
«®,D 


V 


The Re^ appears here because the effective source Is a function of 
hole diameter, and the proper non-dimensional number Is Re^ ^ . Note 
that 5^ or does not appear In this analysis. In this case a viscous 

length scale, , Is a proper length scale. ^2 found not to be 

a strong' function of . 

B.2 Recommended Correlations for Integral Prediction 

From Equation (4.19), we will obtain two Integral equations. 


-iJ - St(0) (5.14) 



(5.15) 

(5.16) 


- (5.17) 

R«A2 

The factor, <t>^ , Is presented In Figure 5.20 for fixed Re^ . 

St(l)/St L Is transformed Into St(l)/St following Whitten [3]. 

o ® I *®02 

The factor, ^2 » presented in Figure 5.21 for fixed Re ^2 • This 
functional variation was obtained after several trials. (|)^ and ^2 
are sumnarlzed as follows: 



♦1 - " 

+ 140F 

for 

P/D 

- 5 

- 1 

+ 180F 

for 

P/D 

- 10 
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for P/D » 5 


<l>2 - 1 + 55 Re^ 


1 + 48 Re^ 


The value of (})^ is greater for P/D = 10 than for P/D =* 5 and the 
value of (j >2 is smaller for P/D =• 10 than for P/D » 5 . This means 
that there is less spread between St(0) and St(l) for P/D - 10 , 
and thus its cooling effect will be less at the comparable condition. 

For the detailed procedure of solving Equations (5.14) to (5.17) 
for A2(0), A2(1), St(0) and St(l) , see Whitten [3]. Once St(0) 
and St(l) are obtained, we can readily calculate St (6) as 

St(0) = St(0) - 6 {St(0) - St(l)> (3.7) 

using a linear superposition. 

C. Profile Data 

To get the local average profiles, we must average all the profiles 
around a hole. This, however, requires a very large number of profiles 
to be taken. To avoid this, velocity and temperature profiles were taken 
in a lateral span between the 10th and 11th row of holes. Velocity pro- 
files were also taken between the 7th and 8th row of holes. At this point, 
the flow field is believed to be reasonably uniform in the x-direction so 
that the lateral average may not be very different from the local average. 

As the M value gets larger, flow separation may be possible. Thus 
M ■ 0.2 was chosen for the profile study. A pitot probe was used for 
the velocity profile and at M - 0.2 , and at the midpoint between two 
rows of holes the pitot probe error caused by a jet at the wall will be 
minimum (see Equation (4.4c)). 

Figure 5.22 shows velocity profiles between two holes in the lateral 
direction. At both ends you can clearly see the velocity defect from the 
jet attached to the wall; and in the middle, only a small defect of the 
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profile still remains which Indicates that a Jet will spread fairly well 
after about seven diameters downstream. 

Figure 5.23 shows the temperature profiles across a span In the 
lateral direction, with the hole from the preceding row located In the 
middle. The profile shows a high plateau In the middle, due to the hot 
Jet attached near the wall, and some small effect remains at each end, 
similar to the velocity profile. 

These profiles were next averaged spanwlse. Figures 5.24 and 5.25 
show the laterally averaged velocity and temperature profiles In a seml- 
logarlthmlc scale. These two profiles Indicate that there Is a clearly- 
defined logarithmic region. Following Mlllkan [69 ] , this means that 
there exists an Inner region similarity and an outer region similarity 
even with the discrete hole blowing. Also, this was clear In the velocity 
profiles taken by LeBrocq et al. [33]. 

The mixing length distribution corresponding to the spanwlse averaged 
profiles is shown in Figure 5.26. The method used for the shear stress 
calculation Is outlined In Simpson [3 ] . For the momentum thickness 
Reynolds number, the arithmetic average of each profile is used, and the 
skin friction coefficient, C^/2 , was estimated by using the analogy 
between momentum and heat. 

The mixing length distribution in Figure 5.26 shows a pronounced 
peak near y/6 =0.1 . Probably at this point, the Jet main boundary 
layer Interaction Is most active. Pal et al. [43] considered an augmented 
mixing in their film cooling predictions. From Figure 5.26, It becomes 
clear that the mixing length, , can be considered to be augmented by 
discrete hole blowing. Empirically, the following expression was ob- 
tained In the outer region where the damping effect Is negligible: 


Z 


outer 


2 

<y + K^(f) 



(5.18) 


where Ky Is the flat plate mixing length, DPL represents the point 
of maximum augmentation of mixing length, and the magnitude of max- 

imum augmentation. 

Figure 5.27 shows the shear stress distribution, idilch shows a con- 
stant shear stress, due to the Jet- boundary layer Interaction. The shear. 
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stress distribution from Simpson 13] does not show a constant shear stress 
region In uniform transpiration. 

Figure 5.28 shows that for the Inner region, a Van Driest damping 
function with - 24 will give a good representation of the augmented 
mixing length. The Van Driest damping function was applied to the flat 
plate mixing length and the augmented mixing length, as 

Z. ll-e 

Inner outer I 


) . 


(5.19) 


92 




U. = 54.9 ft/sw (16.7 m/s) 
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Figure 5.2 St vs. Re^ for 0 =■ 1.0 and 0 = 0.0 with P/D = 5 , with unheated starting length. 







VC 

Ov 


Figure 5.4 St vs. 





5 


(9.76 m/sec) on the first plate, for Figures 









0 (same data as Figure 5.6). 
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Figure 5.10 St vs. Re^ and St vs. Re^2 6 = 1.0 and 9 = 0.0 at 

M * 0.2 , P/D * 5 with unheated starting length. 
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Figure 5.12 Temperature profile at “ 55 ft/sec (16.7 m/sec) on the first plate, with 24 in. 
(61 cm) heated on the foreplate for Figure 5.13. 





Figure 5.13 St vs. Re^ and St vs. ReA 2 6 = 1.0 and 6 “ 0.0 

at M » 0.2 , P/D - 5 with 24 in. (61 cm) heated on the 
foreplate. 
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P/D = 10 
HI RE 

U„ = 55 ft/sec (I6.8m/s) 


O M=0.00, 

111873 


□ M = 0.2I, 

II 1973, 

8=0.0 

• M = 0.I7, 

112273, 

8=1.0 

A M = 0.52, 

121773, 

8=0.0 

A M = 0.52, 

121873, 

8=1.0 

O M= I.OI, 

121673- 1, 

8=00 

• M =0.98, 

121673-2, 

8=1.0 



Figure 5.14 St vs. Re and St vs. ReA, for 6 = 1.0 and 0 = 0.0 at M - 0.2 , 0.5 and 

X ^ 

1.0 with P/D = 10 and an unheated starting length. 
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Figure 5.15 Velocity profile on the first plate, with foreplate accelerated to produce p 
low momentum thickness layer. 




Figure 5.16 Temperature profile on the first plate, with foreplate accelerated to produce 
low momentum thickness. 
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Figure 5.17 St vs. Re and St vs. Re^, for P/D - 5 with small S 
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Figure 5.18 St vs. Re^ and St vs. small 6^ 
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Figure 5,19 St vs. Re^ and St vs. Re ^2 ^ with the 

natural transition to turbulent boundary layer. 
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Figure 5.20 Stanton number correction factor, , vs. F for 6 » 1.0 . 
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Figure 5.21 St/St^ for fixed Re^. with 6- 0.0 . 
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Figure 5.26 MlxLn 
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Figure 5.28 Van Driest damping function at M = 0.2 . 



CHAPTER VI 


PREDICTION OF THE EXPERIMENTAL DATA 


Prediction of the full- coverage, film-cooled heat transfer data was 
made using a finite difference prediction scheme based on the computer 
program originated by Patankar and Spalding [10]. Several years of In- 
vestigation of turbulent boundary layer heat transfer with uniform tran- 
spiration and with pressure gradient have been conducted by the Stanford 
HMT group [2-9] and have provided the turbulence model used In the present 
program. Kays [70] gives a brief description. 

A. Presentation of the Modeling Problem 

In Chapter IV, the basic eqviatlons for the locally- averaged properties 
were derived and can be summarized as 


3x 3y 


(4.6a) 


uM + v^ - i- 

3x ^ dy 3y 


\ P / ox 


3y 


( 6 . 1 ) 


u3I+v^ - ^ 

3x 3y 3y 
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V (T„-T )-^ 
o 2 o 3y 
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with 
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3U 


p - ''17 - - ^"">hom 


(6.3) 


^ - a - t-v’ - 


(6.4) 


and f“g“1.0 at y*0, f-g“0.0 at y-oo. 

In the present program, U was kept constant, and the pressure 

00 

gradient term did not appear in the momentum eqtiatlon. There appear four 


unknown terms: -u' v* - (uv). , -t’v' - (tv). , f , and g . 

nom non 
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These terms appear because of the non-llnearlty in the convective terms 
and present a "closure problem" (i.e., Reynolds [71]) which can be solved 
by proper modeling of the above terms. As was Indicated by Reynolds, a 
higher level model, like the mean turbulence equation model or the mean 
Reynolds stress model, would be preferred If possible. In the present 
program, however, the main objective was the gross heat transfer study, 
and our attention was given only to the mean velocity profiles, using a 
pitot probe. This limited us to a mean- field type of closure model. 


A. 1 Model for 


(uv) 


horn 


and -t'v' - (tv) 


horn 


Because of Its simplicity and wide applicability the mixing 
length model was chosen. A simple analysis In Appendix I supports the 
Idea of applying the eddy viscosity concept to the modeling of terms. 
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( 6 . 6 ) 


The problem becomes one of modeling of the mixing length, i, , and the 

turbulent Prandtl number, Pr^ . 

t 

As was shown In Figure 5.26, Figure 5.28 and Equation (5.18) and 
(5.19), the following expression was used: 


A - il 


outer 


(1 - 




(.K + 






(6.7) 


where A"** - 24 was used and 2.^ is the mixing length for the flat 
plate and denotes the augmented mixing length. Since discrete hole 

blowing has the value of 0.1 , the Jet always penetrates the main 

boundary sublayer, and the Interaction between the jet and the boundairy 
layer occurs somewhere outside the sublayer. This was the reason for a 
fixed value of A^ . The value of was the same as was used In 
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KAys [70]. 


- Ky 


for Ky < X6 


.99 


( 6 . 8 ) 


A6 


.99 


for 


where A ~ 0.08 was used. 


For , the empirical curve fit of Figure 5.26 was used. 



(6.9) 


where the dimensionless distance, y/5 > was used because 1 Is mainly 

due to the Interaction between the jets and the outer region of the 

boundary layer, and the constant determines the maximum value of 

and the constant DFL gives the location of the maximum In the boundary 

layer, k has a relationship to (£ /6) > as 

o a max 



( 6 . 10 ) 


where e Is the base for natural logarithm. Then this formulation re- 
duces the problem of modeling Into the evaluation of DPL and (JL /fi) * 

a max 

DPL was considered as a function of M and P/D , and (A^/g)^^ 
was expressed as 



where v*** Is the effective v*^, a dimensionless blowing parameter. For 
o ,e ^ o 

the evaluation of v , see Section A. 3 of this chapter. This linear 

o ,e 

relationship Is for the convenience of use, and for the purpose of pre- 
diction. 

For the turbulent Prandtl number, Pr^ , the flat plate value was 
used, as In Kays [70]. 
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p 1 

Pr m ■ ' w ■ 

t Pr 3.16 


( 6 . 12 ) 


If the above expression falls below 0.86 , a simple value of 0.86 was 
used. Further refinements on Pr^ were not attempted because the molec- 
ular Prandtl number of air Is 0.72 and Pr^ Is not expected to vary con- 
siderably from flat plate valiies. 


A. 2 Model for 


and f( 


The modeling of g and f requires Information on the distribution of 
the effective body force or effective source across the boundary layer. 

The analysis done In Appendix I Indicates that periodic perturbation at 
the wall will decay exponentially toward the free stream If the velocity 
Is uniform. 

Also, the following reasoning between the mixing length distribution 
and the effective source or effective body force can be used to determine 
the distribution of g and f . 

From the physical point of view, the maximum In mixing length appears 
In the middle of the boundary layer because of the presence of the shear 
layer between the Jet and the boundary layer; and the u , v , and i 
have maximum variation around the center of the deflected jet. This 
means that the maximum of the mixing length will appear between the center 
of the deflected jet and the Interface of jet boundary layer. Also, If 
there Is an effective body force or source present due to such variation 
of u , V , and t , then the effective body force or the effective source 
should damp out beyond DPL . This discussion suggests the following dis- 


tribution: 


g(y,x) - e 


(6.13) 


f(y,x) - e 


DPL'CPR 


(6.14) 


In this case, CPR Is mainly due to the Pr not being unity, and In 
this case was set to 1.0 because In air Pr - 0.72 and the penetration 
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distance of the jet would be almost the same for momentum and heat. 

In the case of normal hole injection, g(y,x) does not play a role 
because U > 0 . 

X 


A. 3 Treatment of Abrupt Change in Blowing 

This is to get ^ in Equation (6.11) from to handle 

the abrupt change in blowing, and it is a purely empirical formulation. 
A similar approach was taken in transpiration cooling by Loyd [8 ] . 

At the step change of blowing, ^ was set as 


+ 

V 

o,e 



previous step 


+ 



(v"^) . 

o previous 


step 


where CLl is for the positive step in blowing and 0.5 was used, and 

CL2 is for the negative step in blowing and 0.85 was used. After the 

step change , as in Loyd [8 ] , the equation for v^ 

o , e 


dV 


o ,e 




dx 


was solved in each integrating step with C2 of 6000. 

For example, if we have step blowing through discrete holes and stop 

blowing after a certain distance, we have the following variation in 

+ 

V : 

o,e 






T , 

T7 

CLl* Va 

L_ 


CL2 * Vo 


125 



B. Prediction of Eacperlmental Results 

After the local averaging, was substantially higher than the 

transpiration cooling cases. This required an accurate handling of the 
sublayer equations. Appendix H explains an algorithm for obtaining a 
numerical solution to the sublayer eqtiatlons to obtain the shear stress and 
heat flux at the wall. 

Figure 6.1 compares the predicted local average velocity profile to 

that of the lateral average. It Is qiilte satisfactory. Figure 6.2 shows 

the variation of DPL and (i /6) . These values were numerically 

a ■'max '' 

determined to predict the experimental Stanton numbers. Figures 6.3 

through 6.17 show the various predictions made for each test run. The 

overall prediction Is satisfactory. The trends shown In Figure 6.2 were 

previously found In the analysis of Erlksen's [44]. His data analysis 

showed that y and c„ Increased as the value of M Increases. In the 
■'o H 

present model, the boundary layer concept was Introduced, while In Erlksen's 
It was not. 

For the prediction of high values of M and arbitrary boundary con- 
ditions, further development must be made. 
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Figure 6.2 Variation of DPL and (Jla/6)max . 
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Figure 6.3 Prediction of Stanton number data on full-coverage film- 

cooled surface with heated starting length for M ■ 0.2 

at U =55 ft/sec (16.7 m/s) with P/D = 5 . 
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Figure 6.4 Prediction of Stanton number data on full-coverage film- 
cooled surface with unheated starting length for M “ 0.1 
at U = 55 ft/sec (16.7 m/s) with P/D = 5 . 
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Figure 6.5 Prediction of Stanton number data on full-coverage fil»‘ : 
cooled surface with unheated starting length for- M "0.2 
at U “ 55 ft /sec (16.7 m/s) with P/D ■ 5 . 
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Figure 6.6 Prediction of Stanton nuniber data on full-coverage film- 
cooled surface with unheated starting length for M ■ 0. 3 
at U * 55 ft/sec (16.7 m/s) with P/D « 5 . 
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Figure 6.7 Prediction of Stanton number data on full-coverage film- 

cooled surface with unheated starting length for M ■ 0.42 
at “ 55 ft/sec (16.7 m/s) with P/D = 5 . 
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Figure 6.8 Prediction of Stanton number data on full-coverage film- 
cooled surface with unheated starting length for M * 0. 
at U = 55 ft/sec (16.7 m/s) with P/D ■= 5 . 
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Figure 6.10 Prediction of Stanton number data on full-coverage filmr 
cooled surface with unheated starting length for M • 0. 2 
at U = 115 ft/sec (35 m/s) with P/D ■ 5 . 
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Figure 6.11 Prediction of Stanton number data on full-coverage film- 
cooled surface with unheated starting length for M * 0. 
at U “55 ft/sec (16.7 m/s) with P/D = 10 . 
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Figure 6.13 Prediction of Stanton number data on full-coverage film- 
cooled surface with unheated starting length for M - 1.0 
at = 55 ft/sec (16.7 m/s) with P/D =» 10 . 
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R«x 

Figure 6.14 Prediction of Stanton number data on full-coverage film- 

cooled surface for M = 0.2 at = 39 ft/sec (11.9 m/s) 
with P/d = 5 and thin boundary layer. 
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Figure 6,15 Prediction of Stanton number data on full-coverage film- 
cooled surface for M >■ 0.53 at Uoo “ 39 ft/sec (11.9 
m/s) with P/D “ 5 and thin boundary layer. 
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Figure 6.16 Prediction of Stanton number data on full-coverage film- 
cooled surface for M * 0.2 at Ho ■ 39 ft/sec (11.9 
m/s) with P/D * 10 and thin boundary layer. 
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Figure 6.17 Prediction of Stanton number data on full-coverage film- 
cooled surface for M «« 0.52 at U<jo ■ 39 ft/sec (11.9 
m/s) with P/D = 10 and thin boundary layer. 
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CHAPTER VII 


SUMMARY AND RECOMMENDATIONS FOR FURTHER STUDY 

A. Summary 

1. The linear superposition method for film cooling was developed 

and shown to unify transpiration cooling and film cooling by 

using the same temperature potential, (T -T ). This allows 

o 

direct coiq>arlson of Stanton number data, eliminating the cal- 
culation of wall heat flux for performance comparison. Also, 
with this scheme a skin friction estimation Is possible for 
the full- coverage, film-cooled surface. 

2. The concept of the local spatial average was Introduced, and 
the proper governing equations for full- coverage film cooling 
were derived. This opens the way for utilization of the 
analytical methods developed for conventional turbulent bound- 
ary layers. 

3. Heat transfer data for full- coverage film cooling with normal 
hole Injection at P/D > 5 and P/D > 10 were taken for the 
fundamental cases 6 ■■ 0 and 6 » 1 . 

4. For the Integral equation prediction of heat transfer data, the 
following formuLLae are recommended: 


St 

St 

o 


R«A2 


i + c 

O 00, D 


for 0 


0.0 


St 



(1 + a+B)'>-25 


for 0 ■ 1.0 


where C » 55 , C, ■ 140 for P/D ■ 5 , and C • 48 , C, ■ 180 
o ’ 1 ’ o 1 
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for P/D * 10 (to b« uaed in conjunction with the superposition 
scheme to obtain Stanton number for arbitrary 6 ) . 

5. A two-dimensional boundary layer program was used to predict the 
e3q>erlmental data. This procedure accounts for the penetration 
of the discrete hole jets Into the boundary layer and the aug- 
mentation of the turbulent mixing due to jet- main stream Inter- 
action. 

6. Several observations were made for normal hole Injection. 

a. Lamlnar-to-turbulent transition occurs quite abruptly with 
discrete hole blowing. 

b. The P/D 10 case with a comparable F Is Inferior to 
P/D - 5 . 

c. In the Initial blowing region, there Is not much cooling effect. 

B. Recommendations for Further Study 

1. Study of full coverage fllm-coollng with slant angle Injection 
geometry. 

For the application In the turbine blade cooling, the majority 
of discrete holes, except near the leading edge, can be slanted 
with respect to the surface In the main stream direction for bet- 
ter performance. This Is due to jets remaining closer to the 
wall surface. This work Is In progress. 

2. Study of full coverage fllmrcoollng with complex angle Injection. 

By having a complex -angle Injection, the area covered by a 
jet Increases, and thus the cooling performance Increases. Es- 
pecially In the leading edge of the turbine blade, the normal 
hole Injection does not help very much and the Introduction of 
angled Injection In the lateral direction Is essential. This 
work Is being pursued. 

3. Detailed Investigation of mean velocity, mean temperature and 
turbulence profiles around the discrete holes. 
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This study will provide the detail variation of velocity, 
tenperature and turbulence level around the holes and also will 
provide a better model of local average flux terms, which can be 
used In the numerical prediction program. This Is being pursued. 

4. Three-dimensional prediction program for u , v and t . 

Along with the experimental Investigation In Item 3 , this 
study will provide an analytical means of predicting u , v and 
t . 

5. Study of the effects of dP/dX 4 0 and the presence of other 
body forces. 

In many practical applications Including the gas turbine 
blade, the effects of non-uniform free-stream velocity and other 
body forces are very Important. 

6. Refinement of the present computer program such that the higher 
mass flux at the wall and the abrupt change In the boundary con- 
ditions can be handled. 

7. An experiment to determine the heat transfer characteristics down- 
stream of a step In temperature of the Injected air. 

This will provide the kernel function needed to handle the 
general case of arbitrary secondary gas tenperature by super- 
position. These data are the counterpart of the unheated starting 
length data used In dealing with the arbitrary wall temperature 
problem for an Impermeable wall. 
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APPENDIX A 


STANTON NUMBER DATA 

This Is the tabulation of all the Stanton numbers along with velocity 
and temperature profiles which give the Initial conditions at the starting 
point of blowing (In the middle of the 1 st plate). 


Special Nomenclature 

6 Re '^2 » uncertainty In 5*^2 

SSt , uncertainty In St 

60 , tmcertalnty In 9 

1-St(0 = l.O)/St(0 - 0.0) 

F at 6 = 0.0 

F at e “ 1.0 


DREEN 

DST 

DTK 

ETA 

F-COL 

F-HOT 

PHI-1 


(ji^ defined In Chapter V (see Equation 5.12) 


RED2 

Re 62 



RE DEL2 

ReA2 



REENTH 

ReA2 



REX 

Re 

X 



REXCOL 

Re 

X 

for 

9 - 0.0 

REXHOT 

Re 

X 

for 

0 - 1.0 

STCR 

St(0 

o 

u 

CO 

0 

1 

STHR 

St(0 

- 1.0) /St 

o 


XVO 


, virtual origin of turbulent boundairy layer 
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RUH NUMBER 062873 


FLAT PLATE VELOCITY PROFILE 


DISCRETE HOLE RIG *•* NAS-3-14336 
VELOCITY PROFILE 

UINF- 55.1 FT/SEC X- 53.0 INCHES PORT- 19 
TINF- 70.9 DEG F PINF- 2100. PSF 



Y( INCHES) 

U(FT/SEC) 

Y+ 


0.010 

23.72 

11.4 


0.012 

25.08 

13.7 


0.014 

26.46 

16.0 


0.016 

27.58 

18.3 


0.018 

28.50 

20.6 


0.020 

29.18 

22.9 


0.022 

29.87 

25.1 


0.024 

30.38 

27.4 


0.026 

30.85 

29.7 


0.028 

31.24 

32.0 


0.031 

31.74 

35.4 


0.034 

32.24 

38.9 


0.038 

32.89 

43.4 


0.044 

33.55 

50.3 


0.049 

33.95 

56.0 


0.056 

34.61 

64.0 


0.063 

35.26 

72.0 


0.073 

35.77 

83.4 


0.083 

36.44 

94.9 


0.094 

37.00 

107.4 


0.114 

37.91 

130.3 


0.139 

39.24 

158.9 


0.164 

40.19 

187.4 


0.189 

41.05 

216.0 


0.239 

42.64 

273.2 


0.289 

44.21 

330.3 


0.339 

45.52 

387.5 


0.389 

46.80 

444.6 


0.439 

48.04 

501.7 


0.489 

49.24 

558.9 


0.589 

51.18 

673.2 


0.689 

52.96 

787.5 


0.789 

54.07 

901.8 


0.889 

54.80 

1016.1 


1.039 

55.17 

1187.5 


1.189 

55.14 

1358.9 

REX- 

0.12701E 07 

RED2- 2827. 

XVO- 

DELl- 

0.136 IN. 

DEL2- O.IOIIN. 

H- : 

CF2- 

0.16817E-02 

DXVO- 0.67 

0DELl-( 


U> 

UBAR 

DU 

10.49 

0.4302 

0.19 

11.09 

0.4549 

0.18 

11.70 

0.4799 

0.17 

12.20 

0.5002 

0.16 

12.60 

0.5169 

0.16 

12.91 

0.5292 

0.16 

13.21 

0.5418 

0.15 

13.43 

0.5509 

0.15 

13.64 

0.5594 

0.15 

13.81 

0.5665 

0.15 

14.04 

0.5756 

0.14 

14.26 

0.5846 

0.14 

14.54 

0.5964 

0.14 

14.84 

0.6084 

0.14 

15.01 

0.6157 

0.13 

15.31 

0.6277 

0.13 

15.59 

0.6395 

0.13 

15.82 

0.6488 

0.13 

16.12 

0.6609 

0.12 

16.36 

0.6710 

0.12 

16.76 

0.6875 

0.12 

17.35 

0.7117 

0.12 

17.78 

0.7289 

0.11 

18.15 

0.7445 

0.11 

18.86 

0.7733 

0.11 

19.55 

0.8017 

0.10 

20.13 

0.8256 

0.10 

20.70 

0.8488 

0.10 

21.25 

0.8713 

0.09 

21.78 

0.8930 

0.09 

22.64 

0.9283 

0.09 

23.42 

0.9604 

0.09 

23.91 

0.9807 

0.08 

24.23 

0.9938 

0.08 

24.40 

1.0005 

0.08 

24.39 

1.0000 

0.08 


7.43 IN. 

.34 

.002 DDEL2-0.001 DCF/2-0.130 IN RATIO 
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STANTON NUMBER DATA RUN 070473 *** DISCRETE HOLE RIG *** M4S-3-14336 


TINF* 83.3 UINF= 53.9 XVO= 4.600 RHH* 0.07231 CP= 0.242 VI'C= 0. 17101E-03 PR«0.T15 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE»44.700 P/Dx 5 

UNCERTAINTY IN REX>26262. 


*♦ M*0.t flat PIATF RUN, HIGH RE, STEP T-HALL AT THE 1ST PLATE 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

THETA 

DTH 

1 

50.30 

0.12002E 

07 

107.2 

0.98007E 

02 

0.373 19E-02 

0.667E-04 

2. 






2 

52.30 

0.1252 7E 

07 

107.5 

0.27787E 

03 

0.31169E-02 

0.619F-04 

3. 

0.00 

0.0000 

107.5 

l.OOO 

0.015 

3 

54.30 

0.13052E 

07 

107.3 

0.43599E 

03 

0.29041E-02 

0.610E-04 

4. 

0.00 

0.0000 

107.3 

1.000 

0.315 

4 

56.30 

0.13577E 

07 

107.3 

0.5 8507E 

03 

0.27726F-02 

0.604E-04 

5. 

0.00 

0.0000 

107.3 

1.000 

0.015 

5 

58.30 

0.14103E 

07 

107.3 

0.72797E 

03 

0.26684E-02 

0.598E-04 

5. 

0.00 

0.0000 

10T.3 

1.000 

0.015 

6 

60.30 

0.1462 BE 

07 

107.5 

0.86638E 

03 

0.26023E-02 

0.589E-04 

6. 

0.00 

0.0300 

107.5 

1.000 

0.015 

7 

62.30 

0.15153E 

07 

107.3 

O.lOOlOE 

04 

0.25218E-02 

0.589E-04 

6. 

0.00 

0.00 00 

107.3 

1.000 

0.315 

8 

64.30 

0.15678E 

07 

107.4 

0.11312E 

04 

0.24381E-02 

0.584E-04 

6. 

0.00 

0.0000 

107.4 

1.000 

0.015 

9 

66.30 

0.16204E 

07 

107.3 

0.12587E 

04 

0.241 79 E- 02 

0.584E-04 

7. 

0.00 

0.0000 

107.3 

1.000 

0.015 

10 

68.30 

0.16729E 

07 

107.3 

0.13847E 

04 

0.2 37 79E-02 

0.583E-04 

7. 

0.00 

0.0000 

107.3 

1.000 

0.015 

11 

70.30 

0.172S4E 

07 

107.2 

0.15082E 

04 

0.23267E-02 

0.581E-04 

7. 

0.00 

0.0000 

107.2 

1.000 

0.015 

12 

72.30 

0.17779E 

07 

107.6 

0.15294E 

04 

0.22865E-02 

0.571E-04 

8. 

0.00 

0.0000 

107.6 

1.000 

0.015 

13 

73.82 

0.18178E 

07 

107.1 

0.17208E 

04 

0.231 59E-02 

0.403E-04 

8. 






14 

74.85 

0.18449E 

07 

106.8 

0.17818E 

04 

0.21927E-02 

0.417E-04 

8« 






15 

75.88 

0.18719E 

07 

107.3 

0.18416E 

04 

0.221 68E-02 

0.422E-04 

8. 






16 

76.91 

0.18991E 

07 

107.3 

0.19012F 

04 

0.2X8 59 E-02 

0.414E-04 

8. 






17 

77.95 

0.I9263E 

07 

107.5 

0.19600E 

04 

0.21574E-02 

0.412E-04 

8. 






18 

78.98 

0.19534E 

07 

107.4 

0.20187E 

04 

0.216 19E-02 

0.416E-04 

8. 






19 

80.01 

0.19804E 

07 

107.3 

0.20775E 

04 

0.2 1563 E-02 

0.404E-04 

8. 






20 

81.04 

0.20075E 

07 

107.5 

0.21347E 

04 

0.20724E-02 

0.391E-04 

8. 






21 

82.07 

0.20345E 

07 

107.4 

0.21929E 

04 

0.22212E-02 

0.415E-04 

8. 






22 

83.10 

0.2061 6E 

07 

107.5 

0.22513E 

04 

0.209 46E-02 

0.408E-04 

8. 






23 

84.13 

0.20886E 

07 

107.3 

0.23074E 

04 

0.20498E-02 

0.402E-04 

3. 






24 

85.16 

0.21158E 

07 

107.4 

0.23637E 

04 

0.21048F-02 

0.417E-04 

3. 






25 

86.20 

0.21430E 

07 

106.7 

0.24192E 

04 

0.19909E-02 

0.403E-04 

8. 






26 

87.23 

0.21700E 

07 

106.5 

0.24749E 

04 

0.212 26E-02 

0.420E-04 

9. 






27 

88.26 

0.21971E 

07 

107.4 

0.25319E 

04 

0.20928E-02 

0.412E-04 

9. 






28 

89.29 

0.22241E 

07 

107.6 

0.25878E 

04 

0.203 OOE- 02 

0.400E-04 

9. 






29 

90.32 

0.22512E 

07 

107.1 

0.2j6432E 

04 

0.206 36 E-02 

0.400E-04 

9. 






30 

91.35 

0.22782E 

07 

107.9 

0.26983E 

04 

0.20082F-02 

0.402E-04 

9. 






31 

92.38 

0.23053E 

07 

107.8 

0.27535E 

04 

0.2066BE-02 

0.402E-04 

9. 






32 

93.41 

0.23324E 

07 

107.6 

0.28076E 

04 

0.192 89 E-02 

0.390E-04 

9. 






33 

94.45 

0.23596E 

07 

107.5 

0.28605E 

04 

0.19762E-02 

0.393E-04 

9. 






34 

95.48 

0.2386 7E 

07 

106.8 

0.29143E 

04 

0.19957E-02 

0.393E-04 

9. 






35 

96.51 

0.24137E 

07 

107.3 

0.29686E 

04 

0.20138E-02 

0.416E-04 

9. 






36 

97.54 

0.24408E 

07 

106.7 

0.30233E 

04 

0.20286E-02 

0.455E-04 

9. 








STANTON NUMR5R DATA RUN 073073 *•* DISCRPTP HOLF RIG *** MAS-3-14336 


TINF» 79.8 UINF» 53.3 XVO= 4.600 RHO= 0.07296 CP* 0.242 VISC= 0.16869E-03 PP«0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE*44.700 P/D= 5 

UNCERTAINTY IN REX*26336. UNCERTAINTY IN F*0. 03027 IN RATIO 


M«0.1f COLD RUNi HIGH RE, STEP T-WALL AT IS^ PLATE. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

’’2 

THET/v 

0’'H 

1 

50.30 

0.12035E 

07 

103.5 

0.10459E 

03 

0.39714E-02 

0.692E-04 

2. 






2 

52.30 

0.12562E 

07 

103.5 

0.31052E 

03 

0.33502E-02 

0.648E-04 

3. 

0.10 

0.0033 

83.4 

0.152 

0.011 

3 

54.30 

0.13089E 

07 

103.5 

0.51165E 

03 

0.32989E-02 

0.645E-04 

4. 

0.09 

0.0029 

83.8 

0.169 

0.011 

4 

56.30 

0.13616E 

07 

103.5 

0.70897E 

03 

0.31598E-02 

0.635F-04 

5. 

0.10 

0.0033 

83.7 

0.153 

0.011 

5 

58.30 

0.14142E 

07 

103.5 

0.89973E 

03 

0.30206E-02 

0.627E-04 

6. 

0.09 

0.0030 

84.0 

0.174 

O.Oll 

6 

60.30 

0.14669E 

07 

103.6 

0.10849E 

04 

0.29460E-Q2 

0.621E-04 

7. 

0.10 

0.0033 

83.7 

0.163 

0.011 

7 

62.30 

0.15196E 

07 

103.6 

0.12658E 

04 

0.28552E-02 

0.615E-04 

7. 

0.09 

0.0028 

84.2 

0.186 

0.011 

8 

64.30 

0. 15722E 

07 

103.6 

0.14420E 

04 

0.27563E-02 

0.610E-04 

8. 

0.10 

0.0031 

84.0 

0.178 

0.011 

9 

66.30 

0.16249E 

07 

103.6 

0.16159E 

04 

0.2 73 5 8E-02 

0.609E-04 

8. 

0.09 

0.0030 

84.3 

0.187 

0.011 

10 

68.30 

0.16776E 

07 

103.6 

0.17899E 

04 

0.27316E-02 

0.609E-04 

8. 

0.10 

0.0033 

84.0 

0.177 

0.011 

11 

70. 30 

0.17303E 

07 

103.5 

0.19616E 

04 

0.26369E-02 

0.606E-04 

9. 

0.09 

0.0030 

84.3 

0.190 

0.011 

12 

72.30 

0.17829E 

07 

103.5 

0.21305E 

04 

0.25764E-02 

0.601E-04 

9. 

0.10 

0.0033 

84.3 

0.191 

0.011 

13 

73.82 

0.18230E 

07 

103.1 

0.22487E 

04 

0.24726E-02 

0.429E-04 

10. 






14 

74.85 

0.18501E 

07 

102.9 

0.23139E 

04 

0.232 30E-02 

0.438E-04 

10. 






15 

75.88 

0.18772E 

07 

103.6 

0.23759E 

04 

0.22435E-02 

0.429E-04 

10. 






16 

76.91 

0.19045E 

07 

103.8 

0.24357E 

04 

0.21642E-02 

0.413E-04 

10. 






17 

77.95 

0.19317E 

07 

104.0 

0.24933E 

04 

0.20767E-02 

0.404E-OA 

10. 






18 

78.98 

0.1958BE 

07 

103.5 

0.25517E 

04 

0.222 32E-02 

0.424E-04 

10, 






19 

80. 01 

0.19860E 

07 

103.8 

0.26103E 

04 

0.20886E-02 

0.398E-0A 

10. 






20 

81.04 

0.20131E 

07 

104.1 

0.26661E 

04 

0.202 62E-02 

0.386E-04 

10. 






21 

82.07 

0.20402E 

07 

103.8 

0.27228E 

04 

0.21499E-02 

0.406E-04 

10. 






22 

83.10 

0.20673E 

07 

104.0 

0.27797E 

04 

0.20402E-02 

0.402E-04 

10. 






23 

84.13 

0.20945E 

07 

103.7 

0.28346E 

04 

0.199 75E-02 

0.398E-04 

in. 






24 

85.16 

0.2121 7E 

07 

103.7 

0.28895E 

04 

0.20511E-02 

0.417E-04 

10. 






25 

86.20 

0.21490E 

07 

102.4 

0.29432E 

04 

0.189 84E-02 

0.400E-04 

10. 






26 

87.23 

0.21761E 

07 

102.9 

0.29975E 

04 

0.21020E-02 

0.422E-04 

10. 






27 

88.26 

0.22032E 

07 

103.7 

0.30542E 

04 

0.20733E-02 

0.412E-04 

10. 






28 

89.29 

0.22304E 

07 

104.0 

0.31095E 

04 

0.20028E-02 

0.399E-04 

10. 






29 

90.32 

0.22575E 

07 

103.5 

0.31660E 

04 

0.21560E-02 

0.413E-04 

10. 






30 

91.35 

0.22846S 

07 

104.4 

0.32220E 

04 

0.19668E-02 

0.399E-04 

10. 






31 

92.38 

0.23117E 

07 

104.2 

0.32761E 

04 

0.20183E-02 

0.398E-04 

10. 






32 

93.41 

0.23390E 

07 

104.0 

0.33294E 

04 

0.190 60 E-02 

0.389E-04 

10. 






33 

94.45 

0.23663E 

07 

103.9 

0.33815E 

04 

0.19312E-02 

0.390E-04 

10. 






34 

95.48 

0.23934E 

07 

103.1 

0.34341E 

04 

0.19441E-02 

0.390E-04 

10. 






35 

96.51 

0.24205E 

07 

103.6 

0.34873E 

04 

0.196 98E-02 

0.413E-04 

10. 






36 

97.54 

0.24476E 

07 

103.1 

0.35402E 

04 

0.19242E-02 

0.448E-0A 

10. 
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STANTON NUMBFH DATA RUN 070573 *** DISCRETE HOLE RIG *** NAS-3-14336 


TINF* 84.1 UINF* 53.2 XVO= 4.600 RHO- 0.07218 CP- 0.242 VISC- 0.17163E-03 PR-0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-44.700 P/D* 5 

UNCERTAINTY IN REX-25812. UNCERTAINTY IN F-0.03028 IN RATIO 


** M-O.li HOT RUN, HIGH RE, STEP T-HALL AT 1ST PLATE. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

theta 

RTh 

1 

50.30 

0.11796E 

07 

108.8 

0.95738E 

02 

0. 370916-02 

0.652E-04 

2. 






2 

52.30 

0.12312E 

07 

109.0 

0.32633E 

03 

0.29765E-02 

0.602E-04 

4. 

O.IO 

0.0032 

101.4 

0.695 

0.012 

3 

54.30 

0.12829E 

07 

108.9 

0.58545E 

03 

0. 283 29 E- 02 

0.596F-04 

5. 

0.09 

0.0028 

101.9 

0.716 

0.012 

4 

56.30 

0.13345E 

07 

109.0 

0.83782E 

03 

0. 266 86 E- 02 

0.585E-04 

6. 

0.10 

0.0032 

101.9 

0.717 

0.012 

5 

58.30 

0.13861E 

07 

108.9 

0.10891E 

04 

0. 2 51 33 E- 02 

0.579E-04 

7. 

0.10 

0.0031 

102.1 

0.727 

0.012 

6 

60.30 

0.14377E 

07 

109.1 

0.13352E 

04 

0.24249E-02 

0.570E-04 

8. 

0.10 

0.0034 

101.4 

0.691 

0.012 

7 

62.30 

0.14894E 

07 

lOt.O 

0.15676E 

04 

0.23496E-02 

D.568E-04 

9. 

0.08 

0.0026 

102.5 

0.740 

0.012 

6 

64.30 

0.15410E 

07 

109.0 

0.17944E 

04 

0.221 17E-02 

0.562E-04 

9. 

0.10 

0.0031 

102.8 

0.750 

0.013 

9 

66.30 

0.1 592 6E 

07 

109 .1 

0.20210E 

04 

0.21576E-02 

0.55BE-04 

10. 

0.09 

0.0028 

102.9 

0.752 

0.013 

10 

68.30 

0.16442E 

07 

109.0 

0.22472E 

04 

0.21158E-02 

0.557E-04 

11. 

0.10 

0.00 31 

103.4 

0.774 

0.013 

11 

70.30 

0.16959E 

07 

109.1 

0.24745E 

04 

0.20422E-02 

0.553E-04 

11. 

0.08 

0.0027 

104.5 

0.816 

0.013 

12 

72.30 

0.17475E 

07 

109.4 

0.27034E 

04 

0.192 35E-02 

0.542E-04 

12. 

0.10 

0.0031 

105.6 

0.852 

0.013 

13 

73.82 

0.17867E 

07 

108.4 

0.28491E 

04 

0.20557E-02 

0.364E-04 

12. 






14 

74.85 

0.18133E 

07 

108.1 

0.29022E 

04 

0.19340E-02 

0.382E-04 

12. 






15 

75.88 

0.18399S 

07 

108.8 

0.29532E 

04 

0.18950E-02 

0.381E-04 

12. 






16 

76.91 

0.18666E 

07 

108.6 

0.30039E 

04 

0.19174E-02 

0.380E-04 

12. 






17 

77.95 

0.18933E 

07 

108.8 

0.30545E 

04 

0.18830E-02 

0.376E-04 

12. 






18 

78.98 

0.19199E 

07 

108.8 

0.31046E 

04 

0.18801E-02 

0.37BE-04 

12. 






19 

80.01 

0.19465E 

07 

108.7 

0.31547E 

04 

0.18878E-02 

0.369E-04 

12. 






20 

61.04 

0.1973 IE 

07 

108.8 

0.32044E 

04 

0.184 82E-02 

0.362E-04 

12. 






21 

82.07 

0.19997E 

07 

108.7 

0.32549E 

04 

0. 194 55 E- 02 

0.379E-04 

12. 






22 

83.10 

0.20262E 

07 

108.7 

0.33058E 

04 

0.18762E-02 

0.380E-04 

12. 






23 

84.13 

0.2052 6E 

07 

108.7 

0.33549E 

04 

0.181 25E-02 

0.373E-04 

12. 






24 

85.16 

0.20795E 

07 

108.8 

0.34038E 

04 

0.18608E-02 

0.387E-04 

12. 






25 

86.20 

0.21063E 

07 

108.0 

0.34524E 

04 

0.17905E-02 

0.378E-04 

12. 






26 

87.23 

0.21329E 

07 

107.6 

0.35020E 

04 

0.19317E-02 

0.397E-04 

12. 






27 

88.26 

0.21594E 

07 

108.7 

0.35525E 

04 

0.18628E-02 

0.3B5E-04 

12. 






28 

89.29 

0.21860E 

07 

109.0 

0.36016E 

04 

0.18297E-02 

0.375E-04 

13. 






29 

90.32 

0.22126E 

07 

108.5 

0.36508E 

04 

0.18670E-02 

0.375E-04 

13. 






30 

91.35 

0.22392E 

07 

109.0 

0.37004E 

04 

0.18601E-02 

0.383E-04 

13. 






31 

92.38 

0.22658E 

07 

109.0 

0.37501E 

04 

0.18746E-02 

0.380E-04 

13. 






32 

93.41 

0.22925E 

07 

108.7 

0.37990E 

04 

0.1800BE-02 

0.375E-04 

13. 






33 

94.45 

0.23192E 

07 

108.7 

0.38471E 

04 

0.18124E-02 

0.374E-04 

13. 






34 

95.48 

0.2345 8E 

07 

108.0 

0.38955E 

04 

0.18245E-02 

0.372E-04 

13. 






35 

96.51 

0.23724F 

07 

108.4 

0.39445E 

04 

0.18572E-02 

0.397E-04 

13. 






36 

97.54 

0.23990E 

07 

107.9 

0.39939E 

04 

0.18520E-02 

0.430E-04 

13. 
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FOLLOWING IS THE DATA FOR THFTA=0 AND THETA=1, WHICH WAS OBTAINED BY LINEAR SUPERPOSITION THEORY. 
THIS DATA WAS PRODUCED FROM RUN 073073 AND RUN 070573 

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEASE SFE THE ABOVE TWO RUNS 


PLATE 

REXCOL 

RE DEL2 

ST(TH=0) 

REXHOT 

RE DEL2 

ST(TH=1) 

E^A 

STCR 

F-CDL 

STHR 

F-HDT 

PHI-1 

1 

1203538.0 

104.6 

0.003971 

1179611.0 

95.7 

0.003709 

UOUUU 

UUUUU 

0.0000 

UUUU'JUU 

0.0000 

UUUUU 

2 

1256209.0 

300.2 

0. 003454 

1231235.0 

346.4 

0.302767 

0.199 

0.898 

0.0033 

0.985 

0. 0032 

1.487 

3 

1308880.0 

481.8 

0 . 00 3 443 

1282859.0 

639.6 

0.002591 

0.24 8 

1.002 

0.0029 

0.980 

0.0028 

1.440 

A 

1361552.0 

559.5 

0.003305 

1334483.0 

.9,22.9 

0.002418 

0.268 

1.036 

0.0033 

0.953 

0.0032 

1.496 

5 

1414223,0 

830.3 

0. 0031 81 

1386107.0 

1206.5 

0.002263 

0.289 

1.053 

0.0030 

0.920 

0.0031 

1.462 

6 

1466894.0 

995.9 

0.003107 

1437732.0 

1487.0 

0.002121 

0.31 7 

1.075 

0.0033 

0.885 

0.0034 

1.479 

7 

1519565.0 

1157.4 

0.003025 

1489356.0 

1749.6 

0.002112 

0.302 

1.086 

0.0028 

0.901 

0.0026 

1.376 

8 

1572237.0 

1314.1 

0.0029 26 

1540980.0 

2001.4 

0.001974 

0.325 

1.084 

0.0031 

0.858 

0.0031 

1.428 

9 

1624908.0 

1468.2 

0.002928 

1592604.0 

22 53.0 

0.001904 

0.35 0 

1.115 

0.0030 

0.842 

0.0028 

1.363 

10 

1677579.0 

1622.1 

0. 0029 14 

1644228.0 

2502.5 

0.001882 

0.354 

1.137 

0.0033 

0.845 

0.0031 

1.432 

11 

1730250.0 

1773.0 

0.002817 

1695852.0 

2750.5 

0.001868 

0.337 

1.124 

0.0030 

0.850 

0.0027 

1.383 

12 

1782922.0 

1920.0 

0.0027 65 

1747476.0 

2996.1 

0.001778 

0.357 

1.125 

0.0033 

0.820 

0.0031 

1.420 

13 

1822952.0 

2028.2 

0. 002600 

1786711.0 

3147.4 

0.001872 

0.280 

1 .073 


0.872 



14 

1850078.0 

2096.6 

0.002442 

1813297.0 

3195.8 

0.001763 

0.278 

1.017 


0.826 



15 

1877203.0 

2161.7 

0.002350 

1839884.0 

3242.5 

0.001742 

0.259 

0.987 


0.820 



16 

1904460.0 

2224.0 

0.002240 

1066599.0 

32 89 .7 

0.001809 

0.192 

0.948 


0.857 



17 

1931718.0 

2283.5 

0.002136 

1893314.0 

3337.7 

0.001798 

0.158 

0.912 


0.856 



18 

1958844.0 

2344.1 

0. 002328 

1919901.0 

33 84.7 

0.001729 

0.257 

1.001 


0.828 



19 

1985969.0 

2404.9 

0,002150 

1946487.0 

3431.6 

0.001800 

0.163 

0.932 


0.866 



20 

2013095.0 

2462.3 

0. 002081 

1973074.0 

34 79.2 

0.001770 

0.149 

0.908 


0.856 



21 

2040221.0 

2520.6 

0. 0022 12 

1999660.0 

3527.4 

0.001856 

0.161 

0.972 


0.902 



22 

2067347.0 

2579.1 

0. 002090 

2026247.0 

3576.2 

0.001807 

0.135 

0.924 


0.882 



23 

2094472.0 

2635.3 

0. 0020 54 

2052833.0 

3623.2 

0.001731 

0.157 

0.915 


0.849 



24 

2121729.0 

2691 .9 

0. 002109 

2079548.0 

3669.9 

0.001777 

0.157 

0.945 


0.875 



25 

2148987.0 

2746.7 

0.001932 

2106264.0 

3716.8 

0.001743 

0.09P 

0.871 


0.862 



26 

2176113.0 

2802.2 

0.002154 

2132850.0 

3764.7 

0.001857 

0.138 

0.977 


0.922 



27 

2203236.0 

2860.5 

0.002136 

2159437.0 

3813.0 

0.001770 

0.172 

0.975 


0.883 



28 

2230364.0 

2917.5 

0.0020^6 

2186023.0 

3859.9 

0.001754 

0.147 

0.943 


0.878 



29 

2257490.0 

2975.9 

0.0022 45 

2212610.0 

3906.4 

0.001740 

0.225 

1 .035 


0.875 



30 

22B4616.0 

3033.5 

0.001999 

2239196.0 

3953.7 

0.001813 

0.093 

0.927 


0.915 



31 

2311741.0 

3088.6 

0.002062 

2265783.0 

4001.9 

0.001811 

0.122 

0.961 


0.918 



32 

2336998.0 

3143.0 

0.001938 

2292498.0 

4049.4 

0.001755 

0.09 5 

0.908 


0.892 



33 

2366256.0 

3196.0 

0.001968 

2319213.0 

4096.1 

0.001760 

0.105 

0.927 


0.899 



34 

2393382.0 

3249.6 

0.001981 

2345800.0 

4143.1 

0.001772 

0.105 

0,937 


0.908 



35 

2420507.0 

3303.7 

0.002004 

2372386.0 

41 90.8 

0.001808 

0.09 8 

0.953 


0.929 



36 

2447633.0 

3357.4 

0.001946 

2398973.0 

42 39.1 

0.001820 

0.065 

0.930 


0.939 
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STANTON NUMBER DATA RUN 072973 *** DISCRETE HOLE RIG NAS-3-14336 


TINE* 77.7 UINF- 53.2 XVO= 4.600 RHO= 0.07321 CP= 0.242 VISC= 0.16757E-03 PP»0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-44.700 P/D* 5 

UNCERTAINTY IN REX=26451. UNCERTAINTY IN F»0. 03027 IN RATIO 


•* M»0.2f COLO RUN, HIGH RE, STEP T-WALL AT 1ST PLATF. 


PLATE 

X 

REX 


TP 

REENTH 


STANTON NO 

OST 

DREEN 

M 

F 

T2 

THETA 

rfH 

1 

50.30 

0.12038E 

07 

100.6 

0.10533E 

03 

0.39819E-02 

0.716E-04 

2. 






2 

52.30 

0.12617E 

07 

100.6 

0.32113E 

03 

0.358 32 E- 02 

0.686E-04 

4. 

0.20 

0.00 66 

79. B 

0.090 

0.011 

3 

54.30 

0.13I46E 

07 

100.6 

0.54358E 

03 

0.36436E-02 

0.691E-04 

5. 

0.21 

0.3067 

79.7 

0.088 

0.011 

4 

56.30 

0.13675E 

07 

100.6 

0.76611E 

03 

0.353 72E-02 

0.682E-04 

7. 

0.20 

0.00 65 

80.0 

0.098 

0.011 

5 

58.30 

0.14204E 

07 

100.6 

0.98322E 

03 

0.338 79 e- 02 

0.673E-04 

8. 

0.21 

0.0067 

79.9 

0.396 

O.OIl 

6 

60.30 

0.14733E 

07 

100.6 

0.11934E 

04 

0.32861E-02 

0.664E-04 

9. 

0.20 

0.3065 

79.9 

0.096 

0.011 

7 

62.30 

0.15262E 

07 

100.6 

0.13989E 

04 

0.31704E-02 

0.657E-04 

9. 

0-21 

0.0067 

80.1 

0.102 

0.011 

8 

64.30 

0.I5791E 

07 

100.6 

0.16013E 

04 

0.30941E-02 

0.652E-04 

10. 

0.20 

0.0066 

80.2 

0.107 

0.011 

9 

66.30 

0.16320E 

07 

100.7 

0.18002E 

04 

0.30467E-02 

0.648E-04 

11. 

0.20 

0.3066 

80.1 

0.103 

0.011 

10 

68.30 

0.16850E 

07 

100.6 

0.19973E 

04 

0.30372E-02 

0.650E-04 

ll. 

0.20 

0.0366 

80.1 

0.134 

0.011 

11 

70.30 

0.17379E 

07 

100.6 

0.21929E 

04 

0.30051E-02 

0. 6476-04 

12. 

0.20 

0.3066 

80.0 

0.101 

0.011 

12 

72.30 

0.17908E 

07 

100.7 

0.23864E 

04 

0.29064E-02 

0.538E-04 

13. 

0.20 

0.0066 

80.3 

0.112 

0.011 

13 

73.82 

0.18310E 

07 

99.9 

0.251 96E 

04 

0. 269 25 E- 02 

0.470E-04 

13. 






14 

74.85 

0.ia582E 

07 

99.7 

0.25904F 

04 

0.24939E-02 

0.473E-04 

13. 






15 

75.88 

0.18855E 

07 

100.6 

0.26565E 

04 

0.23569E-02 

0.454E-04 

13. 






16 

76.91 

0.19128E 

07 

100.8 

0.271 92E 

04 

0.223 62E-02 

0.432E-04 

13. 






17 

77.95 

0.19402E 

07 

lOL.l 

0.27787E 

04 

0.212 85E-02 

0.419E-04 

13. 






18 

78.98 

0.1967SE 

07 

100.7 

0.283 84E 

04 

0.22458E-02 

0.435E-04 

13. 






19 

80.01 

0.19947E 

07 

101.0 

0.28976E 

04 

0.20953E-02 

0.4066-04 

13. 






20 

81.04 

0.2021 9E 

07 

101.3 

0.29537E 

04 

0.202 16E-02 

0.3926-04 

13. 






21 

82.07 

0.20492E 

07 

101.0 

0.30104E 

04 

0.21312E-02 

D.411E-04 

13. 






22 

83.10 

0.20764E 

07 

101.2 

0.30671E 

04 

0.202 87E-02 

0.408E-04 

13. 






23 

84.13 

0.21037E 

07 

101.0 

0.31217E 

04 

0.19765E-02 

0.402E-04 

13. 






24 

85.16 

0.21311E 

07 

101.0 

0.31763E 

04 

0.20241E-02 

0.421E-04 

13. 






25 

86.20 

0.21584E 

07 

99.6 

0.32302E 

04 

0.192 88E-Q2 

0.411E-04 

13. 






26 

87.23 

0.21857E 

07 

100.2 

0.32854E 

04 

0.21156E-02 

0.431E-04 

13. 






27 

88.26 

0.22I29E 

07 

100.9 

0.33420E 

04 

0.20336F-02 

0.4146-04 

13. 






28 

89.29 

0.22402E 

07 

101.2 

0.33968E 

04 

0.199066-02 

0.404E-04 

13. 






29 

90.32 

0.22674E 

07 

100.7 

0.34533E 

04 

0. 21466 E- 02 

0.419E-04 

13. 






30 

91.35 

0.22947E 

07 

101.5 

0.35095E 

04* 

0.19731E-02 

0.406E-04 

13. 






31 

92.38 

0.23219E 

07 

101.4 

0.35637E 

04 

0.200 16E-02 

0.403E-04 

13. 






32 

93.41 

0.23493E 

07 

101.1 

0.361 70E 

04 

0.19060E-02 

0.397E-04 

14. 






33 

94.45 

0.23767E 

07 

101.0 

0.36695E 

04 

0.19482E-02 

0.399E-04 

14. 






34 

95.48 

0.24039E 

07 

100.3 

0.37226E 

04 

0.19411E-02 

0.3976-04 

14. 






35 

96.51 

0.2431 IE 

07 

100.8 

0.37758E 

04 

0.196266-02 

0.420E-04 

14. 






36 

97.54 

0.24584E 

07 

100.2 

0.38291E 

04 

0.194 59E-02 

0.460E-04 

14. 
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I 
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STANTON NUMBER DATA RUN 070873 *♦* DISCRETE HOLE RIG *•* NAS-3-14336 

TINF- 81.5 UINF* 52.5 XVO* 4.600 RHO» 0.07272 CP« 0.242 V15C- 0.16982E-03 FR*0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE*44.700 P/0« 5 

UNCERTAINTY IN REX*25777. UNCERTAINTY IN F«0. 03029 IN RATIO 


•• M-0.2t HOT RUN, HIGH RE, STEP T-WALL AT 1ST PLATE. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

CST 

OREEN 

M 

F 

T2 

THETA 

oth 

1 

50.30 

0.11780E 

07 

106.2 

0.97551E 

02 

0.37844E-02 

0.662E-04 

2. 






2 

52.30 

0.12296E 

07 

106.2 

0.46963E 

03 

0.28529E-02 

0.601E-04 

7. 

0.23 

0.0074 

107.6 

1.053 

0.015 

3 

54.30 

0.1281 IE 

07 

106.2 

0.10035E 

04 

0.26727E-02 

0.591E-04 

12. 

0.21 

0.0070 

107.8 

1.061 

0.015 

4 

56.30 

0.13327E 

07 

106.3 

0.15065E 

04 

0.245 89E- 02 

0.579E-04 

15. 

0.21 

0.0067 

107.5 

1.050 

0.015 

5 

58.30 

0.13842E 

07 

106.3 

0.19748E 

04 

0.22755E-02 

0.570E-04 

17. 

0.18 

0.0060 

108.2 

1.077 

0.015 

6 

60.30 

0.14358E 

07 

106.2 

0.24382E 

04 

0.21128E-02 

0.564E-04 

19. 

0.21 

0.0069 

107.2 

1.037 

0.015 

7 

62.30 

0.14873E 

07 

106.3 

0.28897E 

04 

0;20358E-02 

0.558E-04 

21. 

0.18 

0.0058 

108.1 

1.370 

0.015 

S 

64.30 

0.1S389E 

07 

106.2 

0.33210E 

04 

0.18799E-02 

0.554E-04 

23. 

0.19 

0.0060 

108.6 

1.097 

0.015 

9 

66.30 

0-15905E 

07 

106.2 

0.37511E 

04 

0.17950E-02 

0.551E-04 

24. 

O.IB 

0,0059 

10S.2 

1.079 

0.015 

10 

68.30 

0.16420E 

07 

106.3 

0.41878E 

04 

0.17717E-02 

0.549E-04 

26. 

0.20 

0,0065 

108.1 

1.073 

0.015 

11 

70.30 

0.16936E 

07 

106.0 

0.46207E 

04 

0.16633E-02 

0.551E-04 

27. 

O.IB 

0.0059 

108.1 

1.084 

0.015 

12 

72.30 

0.17451E 

07 

106.1 

0.50515E 

04 

0. 155 75 E- 02 

0.545E-04 

28. 

0.19 

0.0063 

109.2 

1.126 

0.015 

13 

73.82 

0.17843E 

07 

105.7 

0.52980E 

04 

0.17524E-02 

0.329E-04 

29. 






14 

74.85 

0.18108E 

07 

105.5 

0.53435E 

04 

0.166 96E-02 

0.353E-04 

29. 






15 

75.68 

0.18374E 

07 

106.1 

0.53872E 

04 

0.16197E-02 

0.351E-04 

29. 






16 

76.91 

0.I8641E 

07 

106.0 

0.54304E 

04 

0.163 3BE-02 

0.348E-04 

29. 






17 

77.95 

0.18908E 

07 

106.3 

0.54732E 

04 

0.15860E-02 

0.344E-04 

29. 






18 

78.98 

0.19173E 

07 

106.3 

0.55152E 

04 

0.15735 E-02 

0.344E-04 

29. 






19 

80.01 

0.19439E 

07 

106.1 

0.55574E 

04 

0.16044F-02 

0.337E-04 

29. 






20 

81.04 

0.19704E 

07 

106.2 

0.55996E 

04 

0.156 73E-02 

0.330E-04 

29. 






21 

82.07 

0.19970E 

07 

106.2 

0.56421E 

04 

0.16322E-02 

0.344E-04 

29. 






22 

83.10 

0.20235E 

07 

106.2 

0.56852E 

04 

0.16055E-02 

0.350E-04 

29. 






23 

84.13 

0.20501E 

07 

106.1 

0.57271E 

04 

0.15520E-02 

0.344E-04 

29. 






24 

85.16 

0.20757E 

07 

106.4 

0.57687E 

04 

0.15765F-02 

0.354F-04 

29. 






25 

86.20 

0.21034E 

07 

105.7 

0.58100E 

04 

0.152 85E-02 

0.348E-04 

29. 






26 

87.23 

0.21300E 

07 

105.3 

0.585 12E 

04 

0.15760E-02 

0.356E-04 

29. 






27 

88.26 

0.21565E 

07 

106.2 

0.5S932E 

04 

0.15847E-02 

0.353E-04 

29. 






28 

89.29 

0.21831E 

07 

106.3 

0.59355E 

04 

0.15958E-02 

0.349E-04 

29. 






29 

90.32 

0.22096E 

07 

105.9 

0.59785E 

04 

0.16361E-02 

0.350E-04 

29. 






30 

91.35 

0.22362E 

07 

106.3 

0.60222E 

04 

0.16534E-02 

0.361E-04 

29. 






31 

92.38 

0.2262 7E 

07 

106.4 

0.60656E 

04 

0.16144E-02 

0.354E-04 

29. 






32 

93.41 

0.22894E 

07 

105.8 

0.61084E 

04 

0.16074E-02 

0.357E-04 

29. 






33 

94.45 

0.23161E 

07 

106.0 

0.61510E 

04 

0.15940E-02 

0.352E-04 

29. 






34 

95.48 

0.23426E 

07 

105.4 

0.61934E 

04 

0.15929E-02 

0.348E-04 

29. 






35 

96.51 

0.23692E 

07 

105.7 

0.62363E 

04 

0.16381E-02 

0.3 75E-04 

29. 






36 

97.54 

0.23957E 

07 

105.2 

0.62799E 

04 

0.164 13E-02 

0.'404E-04 

29. 
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FOLLOWING IS THE DATA FOR THETA'O AND THETA=l, WHICH HAS OBTAINED BY LINEAR SUOERPOSIT! ON thcORY. 
THIS DATA WAS PRODUCED FROM RUN 072973 AMD RUN 07 0873 


FOR 

THE DETAIL 

CHANGES OF 

PR.OPERTIES 

AND BOUNDARY CONDITIONS, PLEAS 

E SEE T 

HF above 

TWO RUNS 




PLATE 

REXCOL 

RE DEL2 

STtTH«0) 

REXHOT 

RE 0EL2 

ST(th=1) 

FT A 

STCR 

F-COL 

STH» 

F-HOt 

PHI-1 

1 

1208827.0 

105.3 

0.003982 

1178016.0 

97.6 

0.003784 

UUUUU 

UUUUU 

0.0000 

UUUUUUU 

0.0000 

UUUUU 

2 

1261729.0 

307.2 

0.003651 

1229571.0 

460.5 

0.002893 

0.208 

0.950 

0.0066 

1.029 

0.0074 

2.075 

3 

1314632.0 

502.5 

0.003732 

1281125.0 

975.9 

0.002734 

0.267 

1.087 

0.0067 

1 .033 

0.0070 

2.079 

4 

1367535.0 

697.7 

0.003648 

1332679.0 

1462.4 

0.002516 

0.310 

1.144 

0.0065 

0.991 

0.0067 

2.027 

5 

1420437.0 

886.7 

0.003497 

1384234.0 

1913.9 

0.002363 

0.324 

1.159 

0.0067 

0.961 

0.0060 

1.927 

6 

147334 0.0 

1069.3 

0.003406 

1435788.0 

2362.3 

0.002159 

0.366 

1.180 

0.0065 

0.901 

0.005 = 

2.006 

7 

1526243.0 

1246.5 

0.003291 

1487342.0 

2799.9 

0.002118 

0.356 

1.183 

0.0067 

0.903 

0.0058 

1.877 

8 

1579146.0 

1418.8 

0.003225 

1538897.0 

3210.9 

0.001999 

0,380 

1.196 

0.0066 

0.869 

0.0050 

1.883 

9 

1632048.0 

1588.2 

0.003179 

1590451.0 

3619.6 

0.001896 

0.40 3 

1.212 

0.0066 

0.838 

0.0059 

1.851 

10 

1684951.0 

1756.3 

0.003173 

1642006.0 

4037.0 

0.001868 

0.411 

1.239 

0.0066 

0.838 

0.0055 

1.944 

11 

1737854.0 

1923.3 

0.003143 

1693560.0 

44 50.3 

0.001777 

0.434 

1.255 

0.00 6 6 

0.809 

0.0059 

1.836 

12 

1790756.0 

2087.3 

0.003056 

1745114.0 

4855.1 

0.001726 

0.435 

1.244 

0.0066 

0.796 

0.0063 

1.891 

13 

1830963.0 

2206.1 

0.002789 

1784296.0 

5086.3 

0.001823 

0.346 

1.152 


0.849 



14 

1858207.0 

2279.4 

0.002578 

1810846.0 

5133.6 

0.001732 

0.328 

1.074 


0.811 



15 

1885452.0 

2347.7 

0.002433 

1837397.0 

5178.9 

0.001675 

0.311 

1.022 


0.789 



16 

1912829.0 

2412.2 

0.002298 

1864076.0 

5223.5 

0.001679 

0.269 

0.974 


0.795 



17 

1940206.0 

2473.3 

0.002184 

189C755.0 

5267.4 

0.001627 

0.255 

0.933 


0.775 



18 

1967451.0 

2534.7 

0. 002315 

1917306.0 

5310.6 

0.001624 

0.298 

0.996 


0.777 



19 

1994696.0 

2595.5 

0.002146 

1943856.0 

53 54.0 

0.001641 

0.235 

0.930 


0.790 



20 

2021941.0 

2653.0 

0.002068 

1970406.0 

5397.1 

0.001602 

0.226 

0.903 


0.774 



21 

2049186.0 

2711.0 

0.002182 

1996957.0 

5440.6 

0.001670 

0.235 

0.960 


0.811 



22 

2076431.0 

2769.0 

0.0020 72 

2023508.0 

54 84.6 

0.001637 

O.JlO 

0.917 


0.799 



23 

2103676.0 

2824.8 

0.002020 

2050C58.0 

5527.4 

0.001584 

0.216 

0.900 


0.777 



24 

2131053.0 

2880.6 

0.0020 70 

2076737.0 

5569.8 

0.001610 

0.222 

0.928 


0.793 



25 

2158430.0 

2935.7 

0. 001970 

2103417.0 

5612.0 

0.001559 

0.209 

0.889 


0.T71 



26 

2185675.0 

2992.2 

0.002171 

2129967.0 

5654.2 

0.001617 

0.255 

0.985 


0.803 



27 

2212920.0 

3050.2 

0.002080 

2156518.0 

5697.2 

0.001619 

0.222 

0.949 


0.807 



28 

2240165.0 

3106.2 

0.002031 

2183068.0 

5740.3 

0.001626 

0.200 

0.933 


0.814 



29 

2267410.0 

3163.9 

0.002199 

2209619.0 ■ 

• - '=5184.1 

0.001675 

0.238 

1.015 


0.842 



30 

2294655.0 

3221.3 

0 . 002 0 06 

2236169.0 

5828.7 

0.001678 

0.164 

0.931 


0.847 



31 

2321900.0 

3276.6 

0. 0020 41 

2262720.0 

5872.8 

0.001644 

0.195 

0.952 


0.833 



32 

2349277.0 

3330.7 

0. 001937 

2289399.0 

5916.4 

0.001630 

0.158 

0.908 


0.829 



33 

2376654.0 

33 84.2 

0.001985 

2316079.0 

5959.6 

0.001621 

0.183 

0.935 


0.827 



34 

2403899.0 

3438.2 

0. 001977 

2342629.0 

6002.6 

0.001619 

0.181 

0.936 


0.829 



35 

2431144.0 

3492.4 

0.001996 

2369179.0 

6046.2 

0.001663 

0.167 

0.950 


0.855 



36 

2458389.0 

3546.6 

0.001977 

2395730.0 

6090.5 

0.001664 

0.158 

0.945 


0.858 
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STANTON NUMB 

lER DATA 

RUN 

072773 

*■** niSCRETB 

: HOLE RIG **» 

' NAS-3-1 4336 







TINF- 

: 81.0 

UINF= 

52. 

8 XVO= 4.600 

RHO= 0.07246 

CP= 0.242 

Vise 

= 0. 

170026-03 


PR=0.716 

DISTANCE FROM ORIGIN 

OF 

BL TO 1ST 

■ PLATE»44.700 


P/0« 5 







UNCERTAINTY IN REX= 

=2 5900. 

UNCERTAINTY 

’ IN F=0. 03026 

1 IN RATIO 







♦* H= 

0.3, COLO RUN, HIGH 

RE, STEP 

' T-H6LL AT 1ST 

■ PLATE. 








PLATE 

X 

REX 


TO 

reenth 


STANTON NO 

OST 

DRF6N 

M 

F 

T2 

theta 

D’H 

1 

50.30 

0.11836E 

07 

104.3 

0.101036 

03 

04390096-02 

0.7056-04 

2. 






2 

52.30 

0.12355E 

07 

104.2 

0.32125E 

03 

0.366636- 02 

0.6906-04 

4. 

0.31 

0.0102 

83.1 

0.092 

0.011 

3 

54.30 

0.12873E 

07 

104.2 

0.563486 

03 

0.38311F-02 

0.7036-04 

7. 

0.31 

0.0101 

83.1 

0.091 

0.011 

4 

56.30 

0.13391E 

07 

104.3 

0.30875E 

03 

0.3 76 06E-02 

0.6966-04 

8 . 

0.32 

0.0102 

83.2 

0.094 

O.Oll 

5 

58.30 

0.13909E 

07 

104.3 

0.104816 

04 

0.35840F-02 

0.6836-04 

10. 

0.31 

0.0101 

83.2 

0.093 

0.011 

6 

60.30 

0.14427E 

07 

104.3 

0.12804F 

04 

0.352026-02 

0.6786-04 

11. 

0.31 

0.0101 

83.1 

0.092 

0.011 

7 

62.30 

U.14945E 

07 

104.2 

0.151 09E 

04 

0.341006-02 

0.6726-04 

12. 

0.31 

O.OlOO 

83.4 

0.104 

O.Oll 

8 

64.30 

0.15463E 

07 

104.2 

0.17384E 

04 

0.33030F-02 

0.6656-04 

13. 

0.31 

0.0100 

83.4 

0.104 

0.011 

9 

66.30 

0.15981E 

07 

104.2 

0.19612E 

04 

0.323876-02 

0.6616-04 

14. 

0.31 

0.0100 

83.4 

0.103 

O.Oll 

10 

68.30 

0.16499E 

07 

104.3 

0.218146 

04 

0.32203E-02 

0 .6596-04 

14. 

0.31 

0.01 00 

83.4 

0.102 

O.Oll 

11 

70.30 

0.17017E 

07 

104.2 

0.23988E 

04 

0.314456-02 

0.6566-04 

15. 

0.31 

O.OlOO 

83. J 

0.101 

0.011 

12 

72.30 

0.17535E 

07 

104.2 

0.26119E 

04 

0.30343E-02 

0.6496-04 

16. 

0.31 

0.0100 

83.4 

0.104 

O.Oll 

13 

73.82 

0.17928E 

07 

103.0 

0.27533F 

04 

0.26905F-02 

0.4726-04 

16. 






14 

74.85 

0.18195E 

07 

102.9 

0.28218E 

04 

0.24355E-02 

0.4706-04 

16. 






15 

75.38 

0.18462E 

07 

103.9 

0.288456 

04 

0.226 03F-02 

0.4466-04 

16. 






16 

76.91 

0.18730E 

07 

104.1 

0.294346 

04 

0.21492E-02 

0.4246-04 

16. 






17 

77.95 

0.1 899 8E 

07 

104.3 

0.299926 

04 

0.203496-02 

0.4106-04 

16. 






18 

78.98 

0.19265E 

07 

104 .1 

0.30543E 

04 

0.20881E-02 

0.4186-04 

16. 






19 

80-01 

0.195326 

07 

104.3 

0.31087E 

04 

0.198606-02 

0.3956-04 

16. 






20 

81.04 

0.19798E 

07 

104.5 

0.316066 

04 

0.189 79E-02 

0.3816-04 

17. 






21 

82.07 

0.20065E 

07 

104.3 

0.32127E 

04 

0.200 72E-02 

0.3996-04 

17. 






22 

83. 10 

0.20332E 

07 

104.6 

0.32647E 

04 

0.188286-02 

0.3936-04 

17. 






23 

84.13 

0.205996 

07 

104.4 

0.33144E 

04 

0.183946-02 

0.3896-04 

17. 






24 

85.16 

0.2086 7E 

07 

104.3 

0.336466 

04 

0.I9231E-02 

0.4096-04 

17. 






25 

86.20 

0.211356 

07 

103.4 

0.341456 

04 

0.18138E-02 

0.3966-04 

17. 






26 

87.23 

0.21402E 

07 

103.8 

0.34653E 

04 

0.19898E-02 

0.4166-04 

17. 






27 

88.26 

0.2166 BE 

07 

104.4 

0.35175E 

04 

0.191826-02 

0.4026-04 

17. 






28 

89.29 

0.219356 

07 

104.6 

0.35680E 

04 

0.186386-02 

0.391E-04 

17. 






29 

90.32 

0.222026 

07 

104.2 

0.361976 

04 

0.2 00 BTC- 02 

0.404E-04 

17. 






30 

91.35 

0.22469E 

07 

104.9 

0.367136 

04 

0.1 85006-02 

0.3946-04 

17. 






31 

92.38 

0.227356 

07 

104.7 

0.372146 

04 

0.189956-02 

0.3946-04 

17. 






32 

93.41 

0.23003E 

07 

104.6 

0.37708E 

04 

0.179986-02 

0.3876-04 

17. 






33 

94.45 

0.232726 

07 

104.6 

0.381916 

04 

0.182 306-02 

0.3876-04 

17. 






34 

95.48 

0.23538E 

07 

103.7 

0.386826 

04 

0.1P530E-02 

0.3896-04 

17. 






35 

96.51 

0.238056 

07 

104.1 

0.391796 

04 

0.186346-02 

0.4136-04 

17. 






36 

97.54 

0.240 726 

07 

103.5 

0.396766 

04 

0.185 84E-02 

0.4546-04 

17. 
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STANTON NUMBER OA^A RUN 070973 DISCRETE HOLE RIG NAS-3- U336 


TINF» 80.0 UINF« 52.7 XVO= 4.600 RHO« 0.07274 CP* 0.242 VI$C* 0.16921 E-03 Po*0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE*44.700 P/D* 5 

UNCERTAINTY IN REX»25974. UNCERTAINTY IN F=0. 03028 IN RATIO 


M*0.3i HOT RUNi HIGH REt STEP t-waLL AT 1ST PLATE. 


PLATE X 

PFX 


TP 

reenth 


STANTON NO 

OST 

OREEN 

M 

F 

T2 

theta 

OTH 

1 

50.30 

0.11870E 

07 

107.2 

0.97674E 

02 

0.37604E-02 

0.601F-04 

2. 






2 

52.30 

0.12390E 

07 

107.1 

0.53160E 

03 

0. 2 92 31 E- 02 

0.553E-04 

9. 

0.29 

0.03 95 

108.5 

1.052 

0.013 

3 

54.30 

0.12909E 

07 

107.3 

0.12260E 

04 

0.271 80E-02 

0.539E-04 

16. 

0.32 

0.0103 

109.3 

1.073 

0.013 

4 

56.30 

0.13429E 

07 

1C7.3 

0.19245E 

04 

0. 248 90 E- 02 

0.528E-04 

21. 

0.31 

0.3100 

109.0 

1.061 

0.313 

5 

58.30 

0.13948E 

07 

107.1 

0. 26151*= 

04 

0.22335E-02 

n.521C-04 

25. 

0.32 

0.0103 

109.6 

1.193 

0.014 

6 

60.30 

0.1446 BE 

07 

107.2 

0.32941E 

04 

0.21085E-02 

0.513E-04 

28. 

0.32 

0.3103 

107.9 

1.025 

0.013 

7 

62.30 

0.14987E 

07 

107.0 

0.39455E 

04 

0.19442E-02 

0.509E-04 

31. 

0.30 

0.3097 

109.3 

1 .385 

0.014 

8 

64.30 

0.15507E 

07 

107.1 

0.45893E 

04 

0.18190E-02 

0.504E-04 

34. 

0.30 

0.00 96 

109.8 

1.102 

0.014 

9 

66.30 

0.16026E 

07 

107.1 

0.52169F 

04 

0. 175 82 E- 02 

0.501E-04 

36. 

0.29 

0.30 94 

108.8 

1.063 

0.013 

10 

68.30 

0.16545E 

07 

107.2 

0.58640E 

04 

0.171 76E- 02 

0.499F-04 

38. 

0.33 

0.0108 

108.8 

1.060 

O.OIT 

11 

70.30 

0.17065E 

07 

107.0 

0.65242E 

04 

0.16126E-02 

0.498E-04 

41. 

0.32 

0.0103 

107.9 

1.035 

0.013 

12 

72-30 

0.17584E 

07 

107.1 

0.71595E 

04 

0.15429E-02 

0.493E-04 

43. 

0.31 

0.3101 

108.5 

1.049 

0.013 

13 

73.82 

0.17979E 

07 

106.8 

0.74956P 

04 

0.15136E-02 

0.281E-04 

44. 






14 

74.85 

0.18247E 

07 

106.5 

0.75353E 

04 

0.14529E-02 

0.307E-04 

44. 






15 

75.88 

0.18514E 

07 

107.1 

0.75734E 

04 

0.13917E-02 

0.304E-04 

44. 






16 

76.91 

0.18783E 

07 

107.1 

0.76106E 

04 

0.13876E-02 

0.300E-04 

44. 






17 

77.95 

0.19052E 

07 

107.3 

0.76474E 

04 

0.13550E-02 

0.299F-04 

44. 






18 

78.98 

0.19319E 

07 

107.3 

0.76835E 

04 

0.134 TIE- 02 

0.298E-04 

44. 






19 

80.01 

0.19587E 

07 

107.2 

0.77197E 

04 

0.13543E-02 

0.289F-04 

44. 






20 

81.04 

0.1985SE 

07 

107.3 

0.775 56E 

04 

0.13224E-02 

0.283F-04 

44. 






21 

82.07 

0.20122E 

07 

107.2 

0.77919E 

04 

0.13893E-02 

0.296E-04 

44. 






22 

83.10 

0.20390E 

07 

107.1 

0.78289E 

04 

0.13750E-02 

0.304E-04 

44. 






23 

84.13 

0.2065 7E 

07 

107.1 

0.78651E 

04 

0.132 88E- 02 

0.300E-04 

44. 






24 

85.16 

0.20926E 

07 

107.2 

0,79011E 

04 

0.13613E-02 

0.311E-04 

44. 






25 

86.20 

0.21195E 

07 

106.5 

0.79371E 

04 

0.13249E-02 

0.306E-04 

44. 






26 

87.23 

0.21462E 

07 

106.0 

0.79732F 

04 

OJ13.693E-02 

0.313E-04 

44. 






27 

88.26 

0.21730E 

07 

107.0 

0.80101E 

04 

0.138 83E-02 

0.312E-04 

44. 






28 

89.29 

0.21997E 

07 

107.1 

0.80475E 

04 

0.140 47E-02 

0.309E-04 

44. 






29 

90.32 

0.22265E 

07 

106.7 

0.80860E 

04 

0.146 78F-02 

0.311F-04 

44. 






30 

91.35 

0.22552E 

07 

107.1 

0.81252F 

04 

0.14596E-02 

0.320E-04 

44. 






31 

92.38 

0.22800E 

07 

107.1 

0.81641E 

04 

0.14425E-02 

0.315E-04 

44. 






32 

93.41 

0.2306 9E 

07 

106.5 

0.82028E 

04 

0.144 75E-02 

0.320E-04 

44. 






33 

94.45 

0.2333 EE 

07 

106.6 

0.82414E 

04 

0.14390E-02 

D.315E-04 

44. 






34 

95.48 

0.23605E 

07 

106.0 

0.82801E 

04 

0.144 76E-02 

0.312E-04 

44. 






35 

96.51 

0.23873F 

07 

106.3 

J.33195F 

04 

0.14963E-02 

0.339E-04 

44. 






36 

97.54 

0.24140F 

07 

105.8 

0.33596E 

04 

0.14946E-02 

0.367E-04 

44. 
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA = 1, WHICH WAS ORTAINFD BY LINEAR SUP<= PROS I"^! 0 N THfQPY. 
THIS DATA HAS PRODUCED FROM RUN 072773 . AND RUN 070973 


FOR 

THE DETAIL 

CHANGES CF 

PR.CPERTIES 

AND BOUNDARY 

CONDITIONS, PLEASE 

SEE THE ABOVE 

TWO RtJNS 




PLATE 

REXCOL 

RE DEL2 

ST(TH=0) 

RFXHOT RE 

0EL2 

ST(TH=1) 

E-^A 

STCR 

F-CDL 

STHR 

F-HOT 

PHI-1 

I 

1183649.0 

101.0 

0.003901 

1187013.0 

97.7 

0.003760 

UUUUU 

UUUUU 

0.0000 

UUUUUUll 

0. 0000 

UUUUU 

2 

1235450.0 

298.9 

0.0037 37 

1238961.0 

519.8 

0.002963 

0.207 

0.969 

0.0102 

1 .057 

0.0095 

2.362 

3 

1287251.0 

497.6 

0.003934 

1290909.0 

1185.0 

0.002801 

0.28 8 

1.142 

0.0101 

1.061 

0.0103 

2.532 

4 

1339052.0 

700.1 

0.003884 

1342857.0 

18 52.3 

0.002569 

0.339 

1.214 

0.0102 

1.014 

0.0100 

2.487 

5 

1390853.0 

896 .7 

0.003710 

1394806.0 

2507.5 

0.002360 

0.364 

1.226 

0.0101 

0.961 

0.0103 

2.497 

6 

1442654.0 

1087.6 

0.003660 

1446754.0 

3159.2 

0.002146 

0.414 

1.264 

O.OIOI 

0.897 

0.0103 

7.449 

7 

1494454.0 

1274.7 

0.003565 

1498702.0 

3786.9 

0.002071 

0.419 

1.277 

0.0100 

0.885 

0.0097 

2.380 

8 

1546255.0 

1456.6 

0.003457 

1550650.0 

43 91.2 

0.001971 

0.43 0 

1.278 

0.0100 

0.858 

0.0096 

2.358 

9 

1598056.0 

1634.2 

0.003397 

1602598.0 

49 84.4 

0.001855 

0.454 

I .290 

0.0100 

0.822 

0.0094 

2.316 

10 

1649857.0 

1809.7 

0.003381 

1654546.0 

5604.3 

0.001812 

0.464 

1.316 

O.OlOO 

0.815 

O.OIOS 

2.498 

11 

1701658.0 

1983.0 

0.003311 

1706494.0 

6242.3 

0.001669 

0.496 

1.317 

0.0100 

0.762 

0.0103 

2.390 

12 

1753459.0 

2151.6 

0.003198 

1758442.0 

6858.9 

0.001620 

0.493 

1.298 

0.0100 

0.749 

0.0101 

2.361 

13 

1792828.0 

2271.9 

0.002810 

1797923.0 

7185.1 

0.001591 

0.434 

1.156 


0.742 



14 

1819505.0 

2343.3 

0.002535 

1824676.0 

7226.7 

0.001517 

0.401 

1.053 


0.712 



15 

1846182.0 

2408.5 

0. 0023 49 

1851429.0 

7266.5 

0.001449 

0.383 

0.984 


0.684 



16 

1872989.0 

2469.6 

0.002227 

1878312.0 

7305.1 

0.001438 

0.354 

0.940 


0.682 



17 

1899796.0 

2527.5 

0. 002104 

1905195.0 

7343.1 

0.001400 

0.335 

0.896 


0.668 



IS 

1926473.0 

2584.5 

0.002163 

1931949.0 

7380.6 

0.001396 

0.35 5 

0.928 


0.670 



19 

1953151.0 

2640.7 

0.002050 

1958702.0 

7417.9 

0.001396 

0.319 

0.886 


0.673 



20 

1979828.0 

2694.2 

0.001956 

1985455.0 

7454.9 

0.001360 

0.305 

0.851 


0.659 



21 

2006506.0 

2748.0 

0.002070 

2012209.0 

7492.2 

0.001430 

0.309 

0.907 


0.696 



22 

2033184.0 

2801.5 

0.001934 

2038962.0 

7530.2 

0.001408 

0.272 

0.853 


0.689 



23 

2059861.0 

2852.6 

0.001891 

2065715.0 

75 67.3 

0.001362 

0.280 

0.840 


0.669 



24 

2086668.0 

2904.3 

0.001980 

2092598.0 

7604.3 

0.001398 

0.294 

0.885 


0.690 



25 

2113475.0 

2955.6 

0.001864 

2119481.0 

7641.2 

0.001357 

0.272 

0.838 


0.673 



26 

2140152.0 

3007.9 

0.002053 

2146234.0 

7678.3 

0.001410 

0.313 

0.929 


0.702 



27 

2166829.0 

3061.7 

0.0019 72 

2172988.0 

7716.2 

0.001423 

0.278 

0.897 


0.711 



28 

2193507.0 

3113.5 

0.001910 

2199741.0 

7754.5 

0.001435 

0.249 

0.874 


0.720 



29 

2220185.0 

3166.6 

0.002064 

2226494.0 

7793.8 

0.001503 

0.272 

0.949 


0.757 



30 

2246862.0 

3219.4 

0. 0018 90 

2253248.0 

7833.9 

0.001485 

0.214 

0.874 


0.751 



31 

2273540.0 

3270.6 

0.001946 

2280001.0 

78 73.5 

0.001473 

0.243 

0.905 


0.748 



32 

2300346.0 

3321.1 

0.001836 

2306884.0 

7912.9 

0.001471 

0.199 

0.858 


0.749 



33 

2327153.0 

3370.5 

0. 0018 62 

2333767.0 

7952.2 

0.001464 

0.214 

0.875 


0.749 



34 

2353831.0 

3420.7 

0.001894 

2360520.0 

7991.6 

0.001474 

0.222 

0.B94 


0.757 



35 

2380508.0 

3471.3 

0.001901 

2387273.0 

8031.7 

0.001520 

0.200 

0*901 


0.783 



36 

2407185.0 

3522.0 

0.001895 

2414027.0 

8072.4 

0.001518 

0.199 

0.903 


0.785 
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STANTON NUMBER DATA RUN 072673 DISCRETE HOLE RIG *•* NAS-3-14336 

T1NF> 79.3 UINF> 51.9 XVO> 4.600 RHO« 0.07261 C P> 0.242 VISC> 0.16932E-03 PR>0.716 

DISTANCE FROM ORIGIN OF BL 10 1ST PLATE>44.700 P/D> 5 

UNCERTAINTY IN REX-25547. UNCERTAINTY IN F-0.03030 IN RATIO 


** N-0.4, COLD RUNt HIGH RE. STEP T-UALL AT 1ST PLATE. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

OST 

OREEN 

N 

F 

T2 

THETA 

DTH 

1 

50.30 

0.11675E 

07 

102.7 

0.99173E 

02 

0.38820E-02 

0.709E-04 

2. 






2 

52.30 

0.12186E 

07 

102.8 

0.33023E 

03 

0.37816E-02 

0.699E-04 

5. 

0.42 

0.0136 

81.7 

0.101 

0.011 

3 

54.30 

0.12697E 

07 

102.8 

0.59744E 

03 

0.39629E-02 

0.712E-04 

8 . 

0.42 

0.0137 

81.6 

0.097 

0.011 

4 

56.30 

0.13208E 

07 

102.8 

0.86742E 

03 

0.38891E-02 

0.708E-04 

10. 

0.41 

0.0134 

81.8 

0.103 

0.011 

s 

58.30 

0.13719E 

07 

102.8 

0.11322E 

04 

0.37144E-02 

0.695E-04 

12. 

0.42 

0.0136 

81.7 

0.101 

0.011 

6 

60.30 

0.14230E 

07 

102.8 

0.13912E 

04 

0.36233E-02 

0.689E-04 

13. 

0.42 

0.0135 

81.8 

0.105 

0.011 

7 

62.30 

0.14741E 

07 

102.7 

0.1649 IE 

04 

0.3S063E-02 

0.683E-04 

15. 

0.43 

0.0138 

82.0 

0.112 

0.011 

8 

64.30 

0. 15252E 

07 

102.8 

0.19040E 

04 

0.339 lOE-02 

0.672E-04 

16. 

0.42 

0.0135 

82.0 

0.113 

0.011 

9 

66.30 

0.15763E 

07 

102.9 

0.21532E 

04 

0.33238E-02 

0.666E-04 

17. 

0.42 

0.0137 

81.9 

0.110 

0.011 

10 

68.30 

0.16273E 

07 

102.9 

0.23990E 

04 

0.32736E-02 

0.664E-04 

18. 

0.42 

0.0135 

82.0 

0.112 

0.011 

11 

70.30 

0.16784E 

07 

102.9 

0.26413E 

04 

0.32298E-02 

0.661E-04 

19. 

0.42 

0.0136 

81.9 

0.108 

0.011 

12 

72.30 

0.17295E 

07 

102.9 

0.28784E 

04 

0.30779E-02 

0.649E-04 

20. 

0.41 

0.0134 

82.0 

0.113 

0.011 

13 

73.82 

0.17684E 

07 

101.7 

0.30312E 

04 

0.26996E-02 

0.471E-04 

20. 






14 

74.85 

0.17947E 

07 

101.6 

0.30989E 

04 

0.24432E-02 

0.469E-04 

20. 






15 

75.88 

0.18210E 

07 

102.6 

0.31607E 

04 

0.22467E-02 

0.442E-04 

20. 






16 

76.91 

0.18474E 

07 

102.9 

0.32180E 

04 

0.21049 E-02 

0.417E-04 

20. 






17 

77.95 

0.18739E 

07 

103.2 

0.32716E 

04 

0.19651E-02 

0.400E-04 

20. 






18 

78.98 

0.19002E 

07 

102.9 

0.33243E 

04 

0.20366 E-02 

0.409E-04 

20. 






19 

80.01 

0. 19265E 

07 

103.3 

0.33759E 

04 

0.18778E-02 

0.379E-04 

20. 






20 

81.04 

0.19528E 

07 

103.4 

0.34249E 

04 

0.18422E-02 

0.370E-04 

20. 






21 

82.07 

0.1979 IE 

07 

103.3 

0.34744E 

04 

0.191 99 E-02 

0.385E-04 

20. 






22 

83.10 

0.20054E 

07 

101.5 

0.35237E 

04 

0.18222E-02 

0.383E-04 

20. 






23 

84.13 

0.2031 8E 

07 

103.2 

0.35713E 

04 

0.179 23 E- 02 

0.380E-04 

20. 






24 

85.16 

0.20582E 

07 

103.2 

0.361 93E 

04 

0.18452E-02 

0.399E-04 

20. 






25 

86.20 

0.20846E 

07 

102.1 

0.36671E 

04 

0.178 70E- 02 

0.392E-04 

20. 






26 

87.23 

0.21110E 

07 

102.6 

0.37162E 

04 

0.19366E-02 

0.407E-04 

20. 






27 

88.26 

0. 21373E 

07 

103.1 

0.37664E 

04 

0.18790 E-02 

0.395E-04 

21. 






28 

89.29 

0.21636E 

07 

103 .4 

0.38153E 

04 

0.1B356E-02 

0.387E-04 

21. 






29 

90.32 

0.21899E 

07 

102.8 

0.38658E 

04 

0.19941E-02 

0.401E-04 

21. 






30 

91.35 

0.22162E 

07 

103.6 

0.39163E 

04 

0.1B366E-02 

0.393E-04 

21. 






31 

92.38 

0.22425E 

07 

103.4 

0.39652E 

04 

0.18797E-02 

0.392E-04 

21. 






32 

93.41 

0.22690E 

07 

103.1 

0.40138E 

04 

0.1806BE-02 

0.388E-04 

21. 






33 

94.45 

0.22954E 

07 

103.1 

0.40618E 

04 

0.183B7E-02 

0.389E-04 

21. 






34 

95.48 

0.2321 7E 

07 

102.4 

0.41103E 

04 

0.184 lOE- 02 

0.387E-04 

21. 






35 

96.51 

0.23480E 

07 

102.8 

0.41592E 

04 

0.18726E-02 

0.413E-04 

21. 






36 

97.54 

o 

• 

m 

07 

102.1 

0.42085E 

04 

0.187 13E-02 

0.4S6E-04 

21. 
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STANTON NUMBER DATA RUN 071573 *** DISCRETE HOLE RIG NAS-3-1A336 


TINF« 81.8 UINF» 52.7 XVO- 4.600 RHO- 0.07269 CP* 0.2*2 VISC* 0.16980E-03 PR*0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-**. TOO P/0- 5 

UNCERTAINTY IN REX-25871. UNCERTAINTY IN F-0.03028 IN RATIO 


** M-0.*t HOT RUN. HIGH RE, STEP T-MALL AT 1ST PLATE. 


PLATE X 

REX 


TB 

REENTH 


STANTON NO 

DST 

OREEN 

M 

F 

T2 

THETA 

OTH 

1 

50.30 

0.11823E 

07 

107.1 

0.98612E 

02 

0.38040E-02 

0.647E-0* 

2. 






2 

52.30 

0.12360E 

07 

107.0 

0.66181E 

03 

0.30700E-02 

0.601E-0* 

13. 

0.42 

0.0135 

108.2 

1.048 

0.014 

3 

5*. 30 

0.128S8E 

07 

107.0 

0.1SS65E 

0* 

0.287 76E- 02 

0.592E-0* 

22. 

0.42 

0.0137 

109.7 

1.108 

0.015 

* 

56.30 

0.13375E 

07 

107.0 

0.2*65*E 

0* 

0.26097E-02 

0.575E-0* 

29. 

0.41 

0.0132 

109.5 

1.096 

0.015 

5 

58.30 

0.13893E 

07 

107.1 

0.3356SE 

0* 

0.23*49 E- 02 

0.561E-0* 

3*. 

0.41 

0.0134 

109.9 

1.112 

0.015 

6 

60.30 

0.1**10E 

07 

107.0 

0.62362E 

0* 

0.21595E-02 

0.554E-0* 

39. 

0.44 

0.0143 

107.7 

1.025 

0.014 

7 

62.30 

0.14927E 

07 

107.0 

0.51142E 

0* 

0.20217E-02 

0.548E-0* 

*3. 

0.43 

0.0139 

109.2 

1.086 

0.015 

8 

6*. 30 

0.15**5E 

07 

107.0 

0.59691E 

0* 

0.I8369E-02 

0.541E-0* 

*6. 

0.39 

0.0128 

109.7 

1.107 

0.015 

9 

66.30 

0.15962E 

07 

107.0 

0.67775E 

0* 

0.17217E-02 

D.536E-0* 

*9. 

0.40 

0.0129 

108.4 

1.054 

0.014 

10 

68.30 

0.16480E 

07 

107.0 

0.75908E 

0* 

0. 16359 E- 02 

0.533E-0* 

52. 

0.43 

0.0138 

108.2 

1.048 

0.014 

11 

70.30 

0.16997E 

07 

106.9 

0.8*0*2E 

0* 

0.151 TOE- 02 

0.531E-0* 

55. 

0.43 

0.0138 

106.8 

0. 998 

0.014 

12 

72.30 

0.17515E 

07 

107.1 

0.918**E 

0* 

0.13596E-02 

0.523E-0* 

58. 

0.41 

0.0134 

107.3 

1.009 

0.014 

13 

73.82 

0.17908E 

07 

106.1 

0.95889E 

0* 

0.15060E-02 

0.295E-0* 

59. 






1* 

7*. 85 

0.18174E 

07 

106.0 

0.96273E 

0* 

0.13714E-02 

0.320E-0* 

59. 






15 

75.88 

0. 18**1E 

07 

106.8 

0.96622E 

0* 

0.12461E-02 

0.310E-0* 

59. 






16 

76. 91 

0.18708E 

07 

106.8 

0.969 5*E 

0* 

0.12430E-02 

0.304E-0* 

59. 






17 

77.95 

0.18976E 

07 

107.1 

0.972 78E 

0* 

0.11859E-02 

0.299E-0* 

59. 






18 

78.98 

0.19243E 

07 

107.2 

0.97592E 

0* 

0.11707E-02 

0.299E-0* 

59. 






19 

80. 01 

0.19509E 

07 

106.9 

0.97910E 

0* 

O.I2118E-02 

0.291E-0* 

59. 






20 

81.0* 

0.19776E 

07 

107.2 

0.9 822 7E 

0* 

0.11616E-02 

0.283E-0* 

59. 






21 

82.07 

0.20042E 

07 

107.1 

0.98563E 

0* 

0.12055E-02 

0.294E-0* 

59. 






22 

83.10 

0.20309E 

07 

107.0 

0.98866E 

0* 

0.122 14E-02 

0.307E-0* 

59. 






23 

8*. 13 

0.20575E 

07 

106.9 

0.991 87E 

04 

0.11804E-02 

0.303E-0* 

59. 






2* 

85.16 

0.20843E 

07 

107.1 

0.99506E 

0* 

0.1 1982 E-02 

0.314E-0* 

59. 






25 

86.20 

0.21111E 

07 

106.2 

0.99817E 

0* 

0.11518E-02 

0.311E-0* 

59. 






26 

87.23 

0.21377E 

07 

105.5 

0.10016E 

05 

0.12760E-02 

0.327E-0* 

59. 






27 

88.26 

0.21643E 

07 

106.7 

0.10068E 

05 

0.12600E-02 

0.320E-0* 

59. 






28 

89.29 

0.21910E 

07 

107.0 

0.10081E 

05 

0.12532 E-02 

0.312E-0* 

59. 






29 

90.32 

0.22176E 

07 

106.5 

0.10117E 

05 

0.13742E-02 

0.320E-0* 

59. 






30 

91.35 

0.22**3E 

07 

106.9 

0.10153E 

05 

0.13269 E-02 

0.325E-0* 

59. 






31 

92.38 

0.22709E 

07 

107.0 

0.10188E 

05 

0.131 13E-02 

0.320E-0* 

59. 






32 

93.*1 

0.22977E 

07 

106.* 

0.10223E 

05 

0.13220E-02 

0.326E-0* 

59. 






33 

9*. *5 

0.232*SE 

07 

106.5 

0.10258E 

05 

0.13164E-02 

0.321E-0* 

59. 






3* 

9S.*8 

0.23511E 

07 

105.8 

0.10296E 

05 

0.13403E-02 

0.320E-0* 

59. 






35 

96.51 

0.23778E 

07 

106.1 

0.10330E 

05 

0.13706E-02 

0.347E-0* 

59. 






36 

97.5* 

0.2*0**E 

07 

105.6 

0.10366E 

05 

0.138 72E- 02 

0.374E-0* 

59. 
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FOUOMING IS THE DATA FOR THETA«0 AND THETA-1, WHICH MAS OBTAINED BY LINEAR SUPERPOSITION THEORY. 
THIS DATA HAS PRODUCED FROM RUN 072673 AND RUN 071573 

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEASE SEE THE ABOVE TWO RUNS 


PLATE 

REXCOL 

RE DEL2 

STITH-0) 

REXHOT 

RE DEL2 

STITH-11 

ETA 

STCR 

F-COL 

STHR 

F-HOT 

PHI-1 

1 

1167500.0 

99.2 

0.003882 

1182294.0 

98.4 

0.003804 

UUUUU 

UUUUU 

0.0000 

UUUUUUU 

0.0000 

UUUUU 

2 

1218594.0 

296.9 

0.003858 

1234036.0 

625.9 

0.003106 

0.195 

0.997 

0.0136 

1.107 

0.0135 

2.867 

3 

1269688.0 

499.4 

0.004067 

1285778.0 

1487.4 

0.002993 

0.264 

1.177 

0.0137 

1.133 

0.0137 

3.020 

4 

1320782. 0 

706.0 

0.004022 

1337519.0 

2333.3 

0.002733 

0.320 

1.253 

0.0134 

1.078 

0.0132 

2.959 

5 

1371876.0 

907.2 

01003852 

1389261.0 

3158.0 

0.002496 

0.352 

1.269 

0.0136 

1.016 

0.0134 

2.946 

6 

1422971.0 

1102.4 

0.003790 

1441002.0 

3996.4 

0.002200 

0.420 

1.305 

0.0135 

0.919 

0.0143 

2.966 

7 

1474065.0 

1293.1 

0.0036 76 

1492744.0 

4838.5 

0.002153 

0.414 

1.313 

0.0138 

0.919 

0.0139 

2.951 

8 

1525159.0 

1478.2 

Ok 003568 

1544486.0 

5635.1 

0.002004 

0.438 

1.315 

0.0135 

0.872 

0.0128 

2.779 

9 

1576253.0 

1659.1 

0.003511 

1596227.0 

6397.1 

0.001813 

0.484 

1.330 

0.0137 

0.802 

0.0129 

2.725 

10 

1627347.0 

1837.4 

0.r003470 

1647969.0 

7179.8 

0.001720 

0.504 

1.346 

0.0135 

0.773 

0.0138 

2.823 

11 

1678441.0 

2013.9 

0. 003438 

1699710.0 

7978.8 

0.001513 

0.560 

1.363 

0.0136 

0.689 

0.0138 

2.719 

12 

1729535.0 

2185.8 

0.003295 

1751452.0 

8757.0 

0.001377 

0.582 

1.333 

0.0134 

0.636 

0.0134 

2.604 

13 

1768367.0 

2307.3 

0. 002833 

1790776.0 

9159.8 

0.001584 

0.441 

1.162 


0.738 



14 

1794680.0 

2378.4 

0. 002563 

1817422.0 

9200.2 

0.001442 

0.437 

1.061 


0.676 



IS 

1820994.0 

2443.2 

0. 002359 

1844069.0 

9236.9 

0.001312 

0.444 

0.985 


0.618 



16 

1847435.0 

2503.3 

0. 002201 

1870845.0 

9271.8 

0.001300 

0.410 

0.927 


0.616 



17 

1873876.0 

2559.3 

0. 002052 

1897622.0 

9305.6 

0.001237 

0.397 

0.871 


0.590 



18 

1900189.0 

2614.5 

0.002133 

1924269.0 

9338.5 

0.001228 

0.425 

0.912 


0.588 



19 

1926503.0 

2668.3 

O.XX)19S2 

1950915.0 

9371.6 

0.001256 

0.357 

0.841 


0.605 



20 

1952816.0 

2719.3 

0.001918 

1977562.0 

9404.5 

0.001206 

0.371 

0.832 


0.584 



21 

1979130.0 

2770.9 

0.002000 

2004210.0 

9437.3 

0.001252 

0.374 

0.874 


0.609 



22 

2005444.0 

2822.1 

0.-001889 

2030856.0 

9470.8 

0.001261 

0.333 

0.831 


0.616 



23 

2031757.0 

2871.5 

0.001861 

2057503.0 

9503.9 

0.001221 

0.344 

0.824 


0.599 



24 

2058198.0 

2921.3 

0. 001918 

2084279.0 

9536.7 

0.001241 

0.353 

0.854 


0.612 



25 

2084639.0 

2971.0 

0.-001858 

2111056.0 

9569.2 

0.001194 

0.358 

0.833 


0.591 



26 

2110953.0 

3022.0 

0.002010 

2137703.0 

9602.7 

0.001319 

0.344 

0.907 


0.656 



27 

2137266.0 

3074.1 

0.001948 

2164349.0 

9637.7 

0.001301 

0.332 

0.884 


0.649 



2B 

2163580.0 

3124.8 

Ok 001901 

2190996.0 

9672.2 

0.001291 

0.321 

0.867 


0.647 



29 

2189893.0 

3177.0 

0.002063 

2217644.0 

9708.3 

0.001415 

0.314 

0.946 


0.712 



30 

2216207.0 

3229.2 

0.0018 94 

2244290.0 

9745.4 

0.001360 

0.282 

0.873 


0.687 



31 

2242520.0 

3279.7 

0.001943 

2270937.0 

9781.5 

0.001349 

0.306 

0.901 


0.684 



32 

2268961.0 

3329.8 

0.001861 

2297713.0 

9817.5 

0.001354 

0.273 

0.867 


0.689 



33 

2295402.0 

3379.3 

0. 001897 

2324490.0 

9853.6 

0.001351 

0.288 

0.888 


0.690 



34 

2321716.0 

3429.3 

01001897 

2351137.0 

9889.9 

0.001373 

0.276 

0.893 


0.704 



35 

2348029.0 

3479.7 

0.001929 

2377783.0 

9927.0 

0.001404 

0.272 

0.912 


0.722 



36 

2374343.0 

3530.5 

0.001925 

2404430.0 

9964.6 

0.001419 

0.263 

0.915 


0.733 
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STANTON NUMBER DATA RUN 071773 


*** OISCROTE HOLE RIG MAS-3-l«36 


TINF« 77.8 U1NF= 52.1 XVO= A. 500 RHO= 0.07319 GP= 0. 2A2 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.700 P/0« 5 

UNCERTAINTY IN REX=25870. UNCERTAINTY IN F=0. 03029 IN RATIO 


VISr= 0.16782E-03 PP»0.715 


M»0.5, COLO RUN, HIGH RE, STEP T-WALL AT 1ST PLATE 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

OST 

OREFN 

H 

F 

T2 

’■HFT4 

OTH 

1 

50.30 

0.11822E 

07 

102.3 

0.10157E 

03 

0.39262E-02 

0.677E-04 

2. 






2 

52.30 

0.12340E 

07 

102.4 

0.33569E 

03 

0.38961E-02 

0.673E-04 

6. 

0.54 

0.0174 

79.5 

0.071 

0.010 

3 

54.30 

0.12857E 

07 

102 .3 

0.50507E 

03 

0.41236E-02 

0.692E-04 

9. 

0.52 

0.01 68 

79.5 

0.069 

0.010 

4 

56.30 

0.13375E 

07 

102 .4 

0.88007E 

03 

0.41163E-02 

0.688E-04 

11. 

0.53 

0.01 72 

79.5 

0.071 

0.010 

5 

58.30 

0. 13892E 

07 

102.3 

0.11515E 

04 

0.39522E-02 

0 .679E-04 

13. 

0.52 

0.01 70 

79.5 

0.071 

0.010 

6 

60.30 

0.14409E 

07 

102.5 

0.14167E 

04 

0.38749E-02 

0.670E-04 

15. 

0.53 

0.0171 

79.5 

0.072 

0.010 

7 

62.30 

0.14927E 

07 

102.4 

0.15797E 

04 

0.37101E-02 

0.660=-04 

17. 

0.52 

0.01 70 

79.8 

0.080 

0.010 

8 

64.30 

0.15444E 

07 

102.3 

0.19388E 

04 

0.35499E-02 

0.651E-04 

18. 

0.53 

0.0173 

79.8 

0.081 

0.010 

9 

66.30 

0. 15962E 

07 

102.3 

0.21894E 

04 

0.342 87E-02 

0.643E-04 

19. 

0.53 

0.0173 

79.6 

0.076 

0.010 

10 

68.30 

0.16479E 

07 

102.3 

0.24327E 

04 

0.33756E-02 

0.639E-04 

21. 

0.53 

0.0170 

79.6 

0.076 

0.010 

11 

70.30 

0.16996E 

07 

102 .4 

0.25701E 

04 

0.32328E-02 

0. 6286-04 

22. 

0.53 

0.0170 

79.6 

0.075 

0.010 

12 

72.30 

0.17514E 

07 

102.3 

0.29034E 

04 

0.31595E-02 

0.626E-04 

23. 

0.53 

0.0170 

79.7 

0.080 

0.010 

13 

73.82 

0.17907E 

07 

100.6 

0.30563E 

04 

0.27083E-02 

0.463E-04 

23. 






14 

74.85 

0.18173E 

07 

100.5 

0.31249E 

04 

0.24295E-02 

0.459E-04 

23. 






15 

75.88 

0.18440E 

07 

101.6 

0.31867E 

04 

0.22042E-02 

0.429E-04 

23. 






16 

76.91 

0.18708E 

07 

101.9 

0.32433E 

04 

0.20400F-02 

0.401E-04 

23. 






17 

77.95 

0.18975E 

07 

102.2 

0.32960F 

04 

0.19125E-02 

0.3346-04 

23. 






18 

78.98 

0.19242E 

07 

102.2 

0.33470E 

04 

0.19055E-02 

0.384E-04 

23. 






19 

80.01 

0.19508E 

07 

102.3 

0.33967E 

04 

0.18225E-02 

0.363E-04 

23. 






20 

81.04 

0.19775E 

07 

102.5 

0.34444E 

04 

0.175 55 E-02 

0.352E-04 

24. 






21 

82.07 

0.20041E 

07 

102.4 

0.34922E 

04 

0.183 OOF- 02 

0.366F-04 

24. 






22 

83.10 

0.20308E 

07 

102.6 

0.35399E 

04 

0.17456F-02 

0.366E-04 

24. 






23 

84. 13 

0.20574E 

07 

102.4 

0.35860E 

04 

0.17049E-02 

0.361E-04 

24. 






24 

85.16 

0.20842E 

07 

102.4 

0.36322E 

04 

0.17635E-02 

0.380E-04 

24. 






25 

86.20 

0.21110E 

07 

101.1 

0.36782E 

04 

0.168 lOE-02 

0.375E-04 

24. 






26 

87.23 

0.21376E 

07 

100.6 

0.37241E 

04 

0.17635E-02 

0.387E-04 

24. 






27 

88.26 

0.21643E 

07 

101 .9 

0.37718E 

04 

0.181 llE-02 

0.386E-04 

24. 






28 

89.29 

0.21909E 

07 

102.4 

0.38196E 

04 

0.17724E-^02 

0.372E-04 

24. 






29 

90.32 

0.22176E 

07 

101 .9 

0.38688E 

04 

0.191 73E-02 

0.383E-04 

24. 






30 

91.35 

0.22442E 

07 

102.7 

0.39181E 

04 

0.17777F-02 

0.3776-04 

24. 






31 

92.38 

0.22708E 

07 

102.5 

0.39659E 

04 

0.180 72E-02 

0.375E-04 

24. 






32 

93.41 

0.22976E 

07 

102.2 

0.40131E 

04 

0.17285E-02 

0. 3716-04 

24. 






33 

94.45 

0.23244E 

07 

102.1 

0.40598E 

04 

0.1 7731 E-02 

0.3726-04 

24. 






34 

95.48 

0.23510E 

07 

101.5 

0.41070E 

04 

0.17674E-02 

0.3696-04 

24. 






35 

96.51 

0.2377 7E 

07 

101.8 

0.41548E 

04 

0.181516-02 

0.3976-04 

24. 






36 

97.54 

0.24043E 

07 

101.2 

0.42030E 

04 

0.17969E-02 

0.439F-04 

24. 
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STANTON NUMBER DATA RUN 071873-1 *** DISCRETE HOLE RIG NAS-3-14336 


TINFa 80.3 UINF= 52.0 XVO= 4.60C RHO= 0.07296 CP= 0.242 VTSC= 0.16893E-03 po=0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-44.700 ?/0= 5 

UNCERTAINTY IN REX-25655. UNCERTAINTY IN F=0. 03030 IN RATIO 

M-0.5t HOT RUN, HIGH RE, STEP T-WALL AT 1ST PLATE 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DRFEN 

M 

F 

T2 

theta 

OTH 

1 

50.30 

0.11724E 

07 

108.0 

0.99059E 

02 

0.33612E-02 

0.603E-04 

2. 






2 

52.30 

0.12237E 

07 

108.0 

0.75690E 

03 

0.31864E-02 

0.562E-04 

16. 

0.52 

0.016S 

111.0 

1.108 

0.013 

3 

54.30 

0.12750E 

07 

108.0 

0.18926E 

04 

0-305 35E-02 

0.556E-04 

28. 

0.53 

0.0171 

111.8 

1.140 

0.014 

4 

56.30 

0.13264E 

07 

108.0 

0.30417E 

04 

0.27443E-02 

0.539E-04 

36. 

0.52 

0.0169 

112.4 

1.161 

0.014 

5 

58.30 

0.13777E 

07 

108.0 

0.41795E 

04 

0.24633E-02 

0.526E-04 

43. 

0.52 

0.0168 

112.6 

1.167 

0.014 

6 

60.30 

0.14290E 

07 

107.9 

0.52762F 

04 

0.22447E-02 

0.517E-04 

49. 

0.53 

0.0170 

110.2 

1.084 

0.013 

7 

62.30 

0.14803E 

07 

108.1 

0.63551E 

04 

0.20459E-02 

0.505E-04 

54. 

0.52 

0.0169 

112.0 

1.141 

0.014 

8 

64.30 

0.1531f£ 

07 

108.1 

0.74430E 

04 

0.18083E-02 

0.497E-04 

59. 

0.51 

0.0165 

112.7 

1.167 

0.014 

9 

66.30 

0.15829E 

07 

108.0 

0.85025E 

04 

0.16423E-02 

0.492E-04 

63. 

0.51 

0.0166 

111.3 

1.121 

0.014 

10 

68.30 

0.16342E 

07 

108.1 

0.95391E 

04 

0.15273E-02 

D.487E-04 

67. 

0.52 

0.0168 

111.2 

1.112 

0.013 

11 

70.30 

0.16855E 

07 

108.0 

0.10540E 

05 

0.14567E-02 

0.487E-04 

70. 

0.51 

0.0165 

109.4 

1 .053 

0.013 

12 

72.30 

0.17368E 

07 

108 .0 

0.11495E 

05 

0.12663E-02 

0.482E-04 

73. 

0.51 

0.0164 

109.1 

1.040 

0.01? 

13 

73.82 

0.17758E 

07 

107.5 

0.11982F 

05 

0.12116E-02 

0.246E-04 

75. 






14 

74.85 

0.18023E 

07 

107 .4 

0.12012E 

05 

0.11068E-02 

0.272E-04 

75. 






15 

75.88 

0.13287E 

07 

108.2 

0.12040E 

05 

O.lOl 03E-02 

0.267F-04 

75. 






16 

76.91 

0.1B552E 

07 

108.2 

0.12067E 

05 

0.97954E-03 

0.260E-04 

75. 






17 

77.95 

0.18818E 

07 

108.4 

0.12092E 

05 

0.94613E-03 

0.258E-04 

75. 






18 

78.98 

0. 19082E 

07 

108.5 

0.12117E 

05 

0.92483E-03 

0.258E-04 

75. 






19 

80.01 

0.19346E 

07 

108,3 

0.12142E 

05 

0.95064E-03 

0.249E-04 

75. 






20 

81. 04 

0.19611E 

07 

108.4 

0.12167F 

05 

0.93190E-03 

0.244E-04 

75. 






21 

82.07 

0.19875E 

07 

108.4 

0.12192E 

05 

0.95834E-03 

0.253E-04 

75. 






22 

83.10 

0.20139E 

07 

108 .3 

0.12217F 

05 

0.97901E-03 

0.265E-04 

75. 






23 

84. 13 

0.20403F 

07 

108.3 

0.12243F 

05 

O.93775E-03 

0.262E-04 

75. 






24 

85.16 

0.20669E 

07 

108.3 

0.12268E 

05 

0.97765F-03 

0.274E-04 

75. 






25 

86.20 

0.20934E 

07 

107.5 

0.12293E 

05 

0.922 75 E- 03 

0.269E-04 

75. 






26 

87.23 

0.2I199E 

07 

106.9 

0.12319E 

05 

0.101 59 E- 02 

0.280E-04 

75. 






27 

88.26 

0.21463E 

07 

107.9 

0.12346E 

05 

0.104 09E-02 

0.278E-04 

75. 






28 

89.29 

0.21727E 

07 

108.2 

0.12373E 

05 

0.10354F-02 

0.272F-04 

75. 






29 

90.32 

0.21991E 

07 

107.7 

0.12402E 

05 

0.11445E-02 

0.277F-04 

75. 






30 

91.35 

0.22256E 

07 

108.1 

0.12432E 

05 

0.11022E-02 

0.234F-04 

75. 






31 

92.38 

0.22520E 

07 

108.1 

0.12461E 

05 

0.11030E-02 

0.280E-04 

75. 






32 

93.41 

0.22785E 

07 

107.6 

0.12490E 

05 

0.11030E-02 

0.285E-04 

75. 






33 

94.45 

0.23051E 

07 

107.6 

0.12520F 

05 

0.1H41F-02 

0.281E-04 

75. 






34 

95.48 

0.23315E 

07 

107.1 

0.12549F 

05 

0.11208E-02 

0.27BE-04 

75. 






35 

9t.51 

0.23579E 

07 

107.3 

0.12579E 

05 

0.11591F-02 

0.303E-04 

75. 






36 

97.54 

0.23844E 

07 

106.8 

0.12610F 

05 

0.11549P-02 

0.328F-04 

75. 
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FOLLOMING IS THE DAT* FCR THETA=0 AND THETA-I, WHICH MAS DETAINED BY LINEAR SURE RPDS ITI D N THEORY. 
THIS DATA WAS PRODUCED FROM RUN 071773 AND RUN 071873-1 

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEASE SEE thc ABOVE t^Q RUNS 


PLATE 

REXCOL 

RE 0EL2 

STI TH=0 ) 

REXHDT 

RE 0EL2 

ST(TH=1) 

ETA 

STCR 

F-COL 

sthr 

c 

X 

1 

u. 

PHI-1 

1 

1182247.0 

101.6 

0.003926 

1172427.0 

99.1 

0.003861 

UUUIMJ 

UUUUU 

0.0000 

IHJUUi'IIU 

0.0000 

UUJUU 

2 

1233986.0 

305.2 

0.003944 

1223736.0 

712.4 

0.003260 

0.173 

1 .021 

0.0174 

1.159 

0 . 016 R 

3.286 

3 

1285726.0 

515.7 

0.004193 

1275046.0 

1746.0 

0.003193 

0.238 

1.216 

0.0168 

1.206 

0.0171 

3.488 

4 

1337465.0 

733.0 

0.004206 

1326356.0 

2773.4 

0.002946 

0.299 

1.314 

0.0172 

1.160 

0.0169 

3.483 

5 

1389205.0 

946.5 

0.004048 

1377666.0 

3781.0 

0.002690 

0.336 

1.336 

0.0170 

1.093 

0.0168 

3.444 

6 

1440944.0 

1154.4 

0.003990 

1428975.0 

4778.6 

0.002380 

0.404 

1.377 

0.0171 

0.992 

0.0170 

3.383 

7 

1492684.0 

1356.9 

0.003836 

1480285.0 

5768.8 

0.002267 

0.409 

1.373 

0.0170 

0.966 

0.0169 

3.375 

B 

1544423,0 

1551.3 

0.0036 79 

1531595.0 

6737.3 

0.002077 

0.436 

1.359 

0.0173 

0.902 

0.0165 

3.259 

9 

1596163.0 

1738.5 

0.003558 

1582904.0 

7686.7 

0.001849 

0.480 

1.351 

0.0173 

0.817 

0.0166 

3.186 

10 

1647902.0 

1921.4 

0.0035 11 

1634214.0 

8634.0 

0.001728 

0.508 

1.366 

0.0170 

0.775 

0.0163 

3.171 

11 

1699641.0 

2099.4 

0.003368 

1685524.0 

9572.1 

0.001553 

0.539 

1.339 

0.0170 

0.706 

0.0165 

3.062 

12 

1751381.0 

2272.3 

0.003317 

1736834.0 

10491.8 

0.001346 

0.594 

1.345 

0.0170 

0.620 

0.0164 

2.933 

13 

1790703.0 

2395.7 

0.002815 

1775829.0 

10966.1 

0.001380 

0,510 

1.158 


0.642 



14 

1817349.0 

2466.9 

0.002524 

1802254.0 

11000.9 

0.001256 

0.502 

1.047 


0.588 



15 

1843995.0 

2531.1 

0.002290 

1828678.0 

11032.7 

0.001145 

0.500 

0.958 


0.539 



16 

1870770.0 

2589.9 

0.002116 

1855231.0 

11062.4 

0.001099 

0.481 

0.893 


0.520 



17 

1897545.0 

2644 . 5 

0.001982 

1881783.0 

11090.9 

0.001055 

0.468 

0.843 


0.502 



18 

1924191.0 

2697.3 

0.001976 

1908208.0 

11118.5 

0.001035 

0.476 

0.347 


0.495 



19 

1950836.0 

2748.8 

0.001885 

1934632.0 

11146.1 

0.001049 

0.444 

0.814 


0.504 



20 

1977482.0 

2798.1 

0.001814 

1961057.0 

11173.5 

0.001025 

0.435 

0.789 


0.405 



21 

2004128.0 

2847.6 

0.001892 

1987482.0 

11201.0 

0.001057 

0.442 

0.829 


0.513 



22 

2030774.0 

2896.8 

0.001800 

2013906.0 

11229.1 

0.001065 

0.408 

0.794 


0.520 



23 

2057420.0 

2944.3 

0. 001760 

2040331.0 

11256.7 

0.001024 

0.418 

0.781 


0.502 



24 

2084195.0 

2992.1 

0.001820 

2066883.0 

112 84.4 

0.001066 

0.414 

0.813 


0.525 



25 

2110970.0 

3039 . 5 

0.001735 

2093436.0 

11311.8 

0.001008 

0.419 

0.780 


0.498 

1 


26 

2137616.0 

3086.9 

0. 0018 17 

2119861.0 

11339.7 

0.001100 

0.394 

0.821 


0.546 



27 

2164262.0 

3136.0 

0.001866 

2146285.0 

11369.2 

0.001128 

0.396 

0.848 


0.562 



2B 

2190908.0 

3185.2 

0. 001825 

2172710.3 

11398.9 

0.001118 

0.387 

0.034 


0.560 



29 

2217554.0 

3235.9 

0. 001973 

2199134.0 

11430.0 

0.001232 

0.376 

0.907 


0.619 



30 

2244200.0 

3286.6 

0.001326 

2225559.0 

11461.9 

0.001178 

0.355 

0.844 


0.594 



31 

2270845. J 

3335.7 

0.0018 57 

2251983.0 

11493.1 

0.001182 

0.363 

0.863 


0.599 



32 

2297620.0 

33 84 . 1 

0.0017 73 

2278536.0 

11524.3 

0.001173 

0.338 

0.828 


0.596 



33 

2324396.0 

3432. 1 

0.001820 

2305089.0 

11555,5 

0.001 188 

0.347 

0.854 


0.606 



34 

2351041.0 

3480.5 

0. 001814 

2331513.0 

115 87.0 

0.001194 

0.342 

0.855 


0.511 



35 

2377687.0 

3529.6 

0.001862 

2357938.0 

11619.1 

0.001233 

0.338 

0.882 


0.633 



36 

2404333.0 

3579.0 

0.001843 

2384362.0 

11651.7 

0.001227 

0.334 

0.877 


0.632 
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STANTON NUMBER DATA RUN 072573 DISCRETE HOLE RIG •** NAS-3-143 jo 


TINF* 83.4 UINF= 53.8 XV0« 4.600 RH0= 0.07210 0.242 VI«C» 0.17153E-03 P9-0.715 

DISTANCE FROM ORIGIN OF BU TO 1ST PLATE-44.700 P/D- 5 

UNCERTAINTY IN REX-26157. UNCERTAINTY IN F-0. 03027 IN RATIO 


•* M-0.65, HOT RUN, HIGH RE, STEP T-WALL AT 1ST PLATE 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

theta 

OTH 

1 

50.30 

0. 11954E 

07 

109.0 

0.94287E 

02 

0.36046E-02 

0.620E-04 

2. 






2 

52.30 

0.12477E 

07 

109.1 

0.68672E 

03 

0.34091E-02 

0.605E-04 

14. 

0.63 

0.02 05 

103.0 

0.761 

0.012 

3 

54.30 

0.13000E 

07 

109.2 

0.16912E 

04 

0.35108E-02 

0.S09E-04 

25. 

0.63 

0.0204 

103.4 

0.775 

0.012 

4 

56.30 

0.13523E 

07 

109.1 

0.27205E 

04 

0.33292E-02 

0.600E-04 

32. 

0.63 

0.0204 

104.4 

0.815 

0.013 

5 

58.30 

0.14046E 

07 

109.1 

0.37823E 

04 

0.307 04F-02 

0.585E-04 

39. 

0.64 

0.0208 

105.1 

0.844 

0.013 

6 

60.30 

0.14570E 

07 

109.1 

0.48451E 

04 

0.28099E-02 

0.571E-04 

45. 

0.63 

0.0204 

105.1 

0.846 

0.013 

7 

62.30 

0.15093E 

07 

109.1 

0.58841E 

04 

0.25736E-02 

0.558E-04 

50. 

0.61 

0.0198 

105.6 

0.86 3 

0.013 

8 

64.30 

0.15616E 

07 

109.0 

0.69326E 

04 

0.23258F-02 

0 .547E-04 

55. 

0.63 

0.0203 

106.2 

0.888 

0.013 

9 

66.30 

0.16139E 

07 

109.0 

0.79958E 

04 

0.20738E-02 

0.537E-04 

59. 

0.62 

0.0202 

106.4 

0.899 

0.013 

10 

68. 30 

0.16662E 

07 

108.0 

0.90574E 

04 

0. 19220 E-02 

0.529E-04 

64. 

0.63 

0.02 06 

106.3 

0.896 

0.013 

11 

70.30 

0.17185E 

07 

109.0 

0.10108E 

05 

0.17927E-02 

0.524E-04 

68. 

0.62 

0.0202 

106.3 

0.892 

0.013 

12 

72.30 

0.17708E 

07 

109.0 

0.11154E 

05 

0.15941E-02 

0.518E-04 

71. 

0.64 

0.0209 

106.1 

0.889 

0.013 

13 

73.82 

0.18106E 

07 

108.2 

0.11701E 

05 

0.145 86E-02 

0.2S4E-04 

73. 






14 

74.85 

0.1B376E 

07 

108.2 

0.11738E 

05 

0.12731E-02 

0.302E-04 

73. 






15 

75.88 

0.18645E 

07 

109.0 

0.11771E 

05 

0.H556E-02 

0.293E-04 

73. 






16 

76.91 

0.18916E 

07 

109.1 

0.1180IE 

05 

0.10826E-02 

0.281E-04 

73. 






17 

77.95 

0.19186E 

07 

109.4 

0.11830E 

05 

0.10458E-02 

0.278E-04 

73. 






18 

78.98 

0.19456E 

07 

109.4 

0.11857E 

05 

0.10030E-02 

0.276E-04 

73. 






19 

80.01 

0.19725E 

07 

109.3 

0.11884E 

05 

0.99580F-03 

0.264E-04 

73. 






20 

B1.04 

0.19995E 

07 

109.5 

O.lloilE 

05 

0.96929E-03 

0.258E-04 

73. 






21 

82.07 

0.20264E 

07 

109.5 

0.11937E 

05 

0.10017E-02 

0.267E-04 

73. 






22 

B3.10 

0.20533E 

07 

109.5 

0.11964E 

05 

0.98992E-03 

0.277E-04 

73. 






23 

84.13 

0.20803E 

07 

109.5 

0.11990E 

05 

0.95891E-03 

0.274F-04 

73. 






24 

85.16 

0.21074E 

07 

109.5 

0.12017E 

05 

0.99265E-03 

0.286E-04 

73. 






25 

86.20 

0.21344E 

07 

108.5 

0.12043E 

05 

0.94862E-03 

0.283E-04 

73. 






26 

87.23 

0.2161 4E 

07 

108.2 

0.12069E 

05 

0.10137F-02 

0.291E-04 

73. 






27 

88.26 

0.2I883E 

07 

109.1 

0.12097E 

05 

0.10593E-02 

0.290E-04 

73. 






28 

89.29 

0.22153E 

07 

109.4 

0.12126E 

05 

0.10540E-02 

0.284E-04 

73. 






29 

90.32 

0.22422E 

07 

109.0 

0.12156E 

05 

0.11596E-02 

0.289E-04 

73. 






30 

91.35 

0.22691E 

07 

109.5 

0.12186E 

05 

0.10943E-02 

0.294F-04 

73. 






31 

92.38 

0.22961E 

07 

109.4 

0.12216E 

05 

0.11187E-02 

0.291E-04 

73. 






32 

93.41 

0.23232E 

07 

109.0 

0.12246E 

05 

0.109 53 E-02 

0.294E-04 

73. 






33 

94.45 

0.23S02E 

07 

108.9 

0.12276E 

05 

0.112 59E-02 

0.292E-04 

73. 






34 

95.48 

0.23772E 

07 

108.4 

0.12306E 

05 

0.11343E-02 

0.289E-04 

73. 






35 

96.51 

0.24041E 

07 

108.7 

0.12337E 

05 

0.11575E-02 

0.314F-04 

73. 






36 

97.54 

0.24311E 

07 

108.2 

0.12368E 

05 

0.11609F-02 

0.342E-04 

73. 
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FOLLOWING IS TNC OAT 4 FOR ThETA = 0 AND THCT4=1, WHICH HAS naTilNcp BV LINF4R S'lPSRPOS I’TON THFOPV. 
THIS DATA WAS PRODUCED FROM RUN 072A73 AND PUN 072573 


FOR 

THE DETAIL 

CHANGES OF 

PR.DPEPTIFS 

AND BOUNDARY CONDIt: 

IDNSr PLEAS 

= SFF T 

HE A60VF 

TWO PUNS 




PLATE 

REXCOL 

RE DEL2 

ST(Th=0 ) 

PEXH07 

RE 0PL2 

ST(Th=1) 

ETA 

STCR 

F-COl 

PTHP 

F-Hn*- 

PHI-1 

1 

1202637.0 

93.5 

0.003743 

1195388.0 

94.3 

0.003605 

UUUUU 

UiiuUU 

0.0000 

JUU'IIP'ri 

0.0000 

imuu 

2 

1255269.0 

299.3 

0.003887 

1247703.0 

810.9 

0.003259 

0.161 

1 .010 

0.0215 

1.164 

0.0205 

3.588 

3 

1307901.0 

512.7 

0. 0042 23 

1300017.0 

2054.6 

0.003304 

0.218 

1.229 

0.0214 

1.253 

0.0204 

3.932 

4 

1360533.0 

736.6 

0. 0042 82 

1352332.0 

32 92.1 

0.003113 

0.273 

1.342 

0.0213 

1.230 

0-0204 

3.993 

5 

1413165.0 

958.9 

0.004167 

1404647.0 

4526.7 

0.002868 

0.312 

1.380 

0.0212 

1.170 

0.0208 

4.017 

6 

1465796.0 

1174.3 

0.004017 

1456961.0 

5745.6 

0.002589 

0.355 

1.391 

0.0212 

1 .084 

0.0204 

3.906 

7 

151B428.0 

1382.2 

0. 0038 84 

1509276.0 

6926.5 

0.002366 

0.391 

1.395 

0.0210 

1.012 

0.0198 

3.789 

B 

1571060.0 

1581.5 

0. 0036 89 

1561591.0 

80 95.4 

0.002155 

0.416 

1.368 

0.0216 

0.939 

0.0203 

3.781 

9 

1623692.0 

1773.9 

0.003622 

1613905.0 

9262.5 

0.001999 

0.476 

1 .380 

0.0214 

0.842 

0.0202 

3.654 

10 

1676324.0 

1962.1 

0.003532 

1666220.0 

10424.3 

0.001735 

0.509 

1.379 

0.0213 

0.782 

0.0206 

3.676 

a 

1728956.0 

2145.7 

0.0034 45 

1718534.0 

1Z577.3 

0.001593 

0.537 

1.375 

0.0212 

0.728 

0.0202 

3.528 

12 

1781588.0 

2324.1 

0.003331 

177C849.0 

12730.1 

0.001377 

0.587 

1.356 

0.0216 

0.637 

0.0209 

3.473 

13 

1821588.0 

2449.4 

0.002780 

1810608.0 

133 29.2 

0.001228 

0.558 

1.147 


0.574 



14 

1848693.0 

2520.7 

0.002471 

18375 50.0 

13363.2 

0.001065 

0.569 

1.029 


0.500 



15 

1875799.0 

2584.2 

0.002210 

1864492.0 

13387.6 

0.000972 

0.560 

0.928 


0.459 



16 

1903035.0 

2641.6 

0.002020 

1891565.0 

13413.1 

0.000919 

0.545 

0.855 


0.437 



17 

1930272.0 

2694.2 

0.001859 

1918638.0 

13437.7 

0.000904 

0.514 

0.794 


0.432 



16 

1957378.0 

2 744.6 

0.001855 

1945580.0 

13461.4 

0.000855 

0.539 

0.798 


0.410 



19 

1984483. 0 

2793.5 

0.001745 

1972522.0 

134 84.7 

0.000366 

0.504 

0.756 


0.418 



20 

2011589.0 

2839.9 

0.001674 

1999464.0 

13507.8 

0.000847 

0.494 

0.731 


0.411 



21 

2038694.0 

2886.3 

0.001744 

2026406.0 

13530.9 

0.000872 

0.500 

0.767 


0.4R5 



22 

2C65800.0 

2932.4 

0.Q01658 

2053348.0 

13554.5 

0.000874 

0.47 3* 

0.734 


0.428 



23 

2092905.0 

2977.0 

0.001623 

2080290.0 

13577.6 

0.000843 

0.481 

0.723 


0.415 



24 

2120142.0 

3021.7 

0.001677 

2107362.0 

136 00.8 

0.000873 

0.479 

0.752 


0.432 



25 

2147379.0 

3066.4 

0.0016 11 

2134435.0 

13623.8 

0.000833 

0.483 

0.726 


0.414 



26 

2174484.0 

3110.8 

0. 001663 

2161377.0 

13647.2 

0.000901 

0.459 

0.755 


0.449 



27 

2201590.0 

3157.2 

0. 001756 

2188319.0 

13672.0 

0.000938 

0.466 

0.801 


0.469 



28 

2228695.0 

3203.9 

0.001687 

2215261.0 

136 97.4 

0.000944 

0.44 0 

0.774 


0.474 



29 

2255801.0 

3251.9 

0.001854 

2242204.0 

13724.1 

0.001039 

0.440 

0.855 


0.524 



30 

2282906.0 

3300.6 

0.001735 

2264140. 0 

13751.4 

0.000983 

0.433 

0.805 


0.498 



31 

2310011.0 

3348.1 

0.001764 

2296088.0 

13778.2 

0.001006 

0.429 

0.822 


0.512 



32 

2337248.0 

3394.6 

0. 1016 79 

2323160.0 

13805.2 

0.000994 

0.408 

0.787 


0.507 



33 

2364485.0 

3441.4 

0.001751 

2350233.0 

13832.3 

0.001017 

0.419 

0.825 


0.521 



34 

2391591.0 

3483.7 

0.001734 

2377175.0 

13859.9 

0.001030 

0.406 

0.82! 


0.529 



35 

2418696.0 

3536.1 

0.001762 

2404117.0 

138 88.0 

0.001052 

0.403 

0.838 


0.543 



36 

2445801.0 

3583.9 

0.0017 59 

2431059.0 

13916.4 

0.001057 

0.399 

0.841 


0.547 
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STANTON NUMBER DATA RUN OT1B73-2 *** DISCRETE HOLE PIG •«»* NAS-3-1.A336 


TINE* 79.7 . UINF= 52.0 XVO= 4.600 RHO= 0.07304 CP* 0.242" VlSC* 0.16860E-03 PP=0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE»44.700 P/D» 5 

UNCERTAINTY IN REX-25688. UNCERTAINTY IN F-0. 03030 IN RATIO 

*4 M-0.5i THETA-1.4, HIGH RE, STEP T-MALL AT 1ST PLATF, ** TEST FOP LINFAPfY. 


PL ATI 

X 

REX 


TO 

REENTH 


STANTON MQ 

OST 

OREEN 

M 

F 

T2 

THE"f A 

OTH 

1 

50.30 

0.11740E 

07 

108.8 

0.97243E 

02 

0.37855E-02 

0.572E-04 

2. 






2 

52.30 

0.12253E 

07 

108.8 

0.84011E 

03 

0.299 17E- 02 

0.526E-04 

19. 

0.50 

0.0163 

119.2 

1.357 

0.014 

3 

54.30 

0.12767E 

07 

108.7 

0.21573E 

04 

0.27288E-02 

0.515E-04 

33. 

0.50 

0.0163 

121.4 

1.437 

0.015 

4 

56.30 

0.13281E 

07 

108.8 

0.34933E 

04 

0.23B16E-02 

0.49BE-04 

43. 

0.51 

0.0164 

121.4 

1.433 

0.015 

5 

5 8.30 

0.13795E 

07 

108.8 

0.48143E 

04 

0.20550F-02 

0.483E-04 

51. 

0.50 

0.0163 

121.7 

1.440 

0.015 

6 

60.30 

0.14308E 

07 

108. B 

0.60847E 

04 

0.182 89P-02 

0 .475E-04 

58. 

0.51 

0.0167 

11R.3 

1.325 

0.014 

7 

62.30 

0.14822E 

07 

108 .8 

0.73415E 

04 

0.15911F-02 

0.468E-04 

64. 

0.51 

0.0167 

120.6 

1.406 

0.015 

8 

64.30 

0.1 533 6F. 

07 

108.7 

0.86121E 

04 

0.13622E-02 

0.462E-04 

69. 

0.49 

0.0160 

121.5 

1.440 

0.015 

9 

66.30 

0.15850E 

07 

108.7 

0.98431E 

04 

0.119 55F-02 

0.458E-04 

74. 

0.50 

0.0161 

119.7 

1.380 

0.015 

10 

68.30 

0.16363E 

07 

108.7 

0.11050E 

05 

0.10462E-02 

0.455E-04 

79. 

0.51 

0.0164 

119.4 

1.372 

0.015 

11 

70.30 

0.16877E 

07 

108. 8 

0.12226E 

05 

0.94881E-03 

0.452E-04 

83. 

0.51 

0.0165 

117.2 

1.291 

0.014 

12 

72.30 

0.17391E 

07 

108.8 

0.13339E 

05 

0.75554E-03 

0.448E-04 

87. 

0.49 

0.0158 

117.2 

1.237 

0.014 

13 

73.82 

0.17781E 

07 

108.3 

0.13892E 

05 

0. 91048 E-03 

0.208E-04 

88. 






14 

74.85 

0.18046E 

07 

108.2 

0.13915E 

05 

0.82859E-03 

0.240E-04 

38. 






15 

75.88 

0.18311E 

07 

108.9 

0.13936E 

05 

0.74512E-03 

0.237E-04 

88. 






16 

76.91 

0.18576E 

07 

108.9 

0.13956E 

05 

0.751 57E-03 

0.234E-04 

88. 






17 

77.95 

0.18842E 

07 

109.1 

0.13976E 

05 

0.73226E-03 

0.233E-04 

88. 






18 

78.98 

0.19107E 

07 

109.2 

0.13995E 

05 

0.71082E-03 

0.234E-04 

SB. 






19 

80.01 

0. 19372E 

07 

108.9 

0.14014E 

05 

0.76245E-03 

0.226E-04 

88. 






20 

81.04 

0.19636E 

07 

109.1 

0.14034E 

05 

0.73844E-03 

0.221E-04 

88. 






21 

82.07 

0.19901E 

07 

109.2 

0.14054E 

05 

0.75510E-03 

0.230E-04 

88. 






22 

83.10 

0.20165E 

07 

108.8 

0.14075E 

05 

0.816B6E-03 

0.244E-04 

88. 






23 

84.13 

0.20430E 

07 

108 .9 

0.14096E 

05 

0.77502E-03 

0.242E-04 

83. 






24 

85.16 

0.20696E 

07 

109.0 

0.14117E 

05 

0.789 43E-03 

0.250E-04 

38. 






25 

86.20 

0.20962E 

07 

108.3 

0.14137E 

05 

0.76989E-03 

0.248E-04 

88. 






26 

87.23 

0.21226E 

07 

107.5 

0.14159E 

05 

0.88101 E-03 

0.260E-04 

88. 






27 

88.26 

0.21491E 

07 

108.6 

0.14182E 

05 

0.84924E-03 

0.254E-04 

83. 






28 

89.29 

0.21755E 

07 

108.8 

0.14205E 

05 

0.883 68F-03 

0.251E-04 

38. 






29 

90.32 

0.22 02 OE 

07 

108.3 

0.14229E 

05 

0.96924E-03 

0.254F-04 

88. 






30 

91.35 

0.22285E 

07 

108.6 

0.14255«^ 

05 

0.956 96E-03 

0.264E-04 

88. 






31 

92.38 

0.22549F 

07 

108 .6 

0.14280E 

05 

0.^940 O2E-03 

0.260F-04 

88. 






32 

93.41 

0.22815E 

07 

108.0 

0.14305E 

05 

0.97404E-03 

0.266E-04 

88. 






33 

94.45 

0.23081E 

07 

108.1 

0.14331F 

05 

0.96^4E-03 

0.260E-04 

88. 






34 

95.48 

0.23345E 

07 

107.5 

0.14357E 

05 

0.98514E-03 

0.259F-04 

88. 






35 

96.51 

0.23610E 

07 

107.7 

0.14384E 

05 

0.10299E-02 

0.284E-04 

83. 






36 

97.54 

0.23875E 

07 

107.3 

0.14411E 

05 

0.10218E-02 

0.303E-04 

88. 
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**** VELOCITY PROFILE AT UINF- 30 FT/SECt N« 0 


DISCRETE HOLE RIG *** NAS-3-IA336 
VELOCITY PROFILE 

U1NF> 31.7 FT/SEC X> 53.0 INCHES PORT- 19 
TINF- 78.0 DEG F PINF> 2112. PSF 


Yl INCHES) 

U(FIT/SECI 

Y* 


U8AR 

OU 

0.010 

18.91 

6.9 

7.90 

0.3443 

0.42 

0.011 

11.45 

7.5 

8.30 

0.3619 

0.40 

0.012 

11.91 

8.2 

8.63 

0.3759 

0.38 

0.014 

13.01 

9.6 

9.43 

0.4107 

0.39 

0.016 

13.86 

11.0 

10.05 

0.4376 

0.33 

0.018 

14.72 

12.3 

10.67 

0.4645 

0.31 

0.020 

15.18 

13.7 

11.00 

0.4790 

0.30 

0.024 

16.29 

16.5 

11.81 

0.5142 

0.28 

0.028 

17.03 

19.2 

12.34 

0.5374 

0.27 

0.032 

17.64 

21.9 

12.78 

0.5568 

0.26 

0.036 

17.98 

24.7 

13.03 

0,5676 

0.25 

0.040 

18.44 

27.4 

13.37 

0.5822 

0.25 

0.047 

18.02 

32.2 

13.78 

0.6002 

0.24 

0.054 

18.49 

37.0 

14.12 

0.6152 

0.23 

0.069 

19.99 

44.6 

14.49 

0.6310 

0.23 

0.080 

20.71 

54.9 

19.00 

0.6539 

0.22 

0.095 

21.11 

69.1 

19.29 

0.6662 

0.22 

0.110 

21.50 

75.4 

19.58 

0.6786 

0.21 

0.130 

2B.06 

89.1 

19.99 

0.6963 

0.21 

0.195 

22.91 

106.3 

16.31 

0.7103 

0.20 

0.185 

21.21 

126.9 

16.82 

0.7324 

0.20 

0.215 

21 .69 

147.4 

17.17 

0.7478 

0. 19 

0.265 

24.58 

181.7 

17.81 

0.7758 

0.19 

0.315 

29.37 

216.0 

18.39 

0.8008 

0.18 

0.365 

26.11 

290.3 

18.92 

0.8242 

0. 17 

0.415 

26.83 

284.6 

19.49 

0.8470 

0. 17 

0.469 

27.34 

318.8 

19.81 

0.8629 

0. IT 

0.515 

26.00 

353.1 

20.29 

0.8838 

0. 16 

0.569 

28.60 

387.4 

20.72 

0.9025 

0.16 

0.615 

29.07 

421.7 

21.07 

0.9176 

0.16 

0.665 

29.57 

456.0 

21.42 

0.9332 

0.15 

0.715 

30.08 

490.3 

21.80 

0.9493 

0.15 

0.765 

30.46 

524.5 

22.07 

0.9613 

0.15 

0.819 

38.80 

558.8 

22.32 

0.9723 

0. 15 

0.869 

31.10 

593.1 

22.54 

0.9816 

0.15 

0.915 

31.37 

627.4 

22.73 

0.9901 

0.19 

0.965 

31.61 

661.7 

22.91 

0.9977 

0.14 

1.015 

31.64 

696.0 

22.92 

0.9985 

0.14 

1.065 

31.68 

730.2 

22.96 

1.0000 

0.14 

0.69242E 06 

RED2> 1740. 

xvo> 

9.02 IN. 




0EL1« 0.150 IN. 0EL2- O.IIIIN. H> 1.35 

CF2- 0.18971E-02 OXVO- 0.56 OOELl-0.002 ODEL2-0.001 0CF/2>0.128 IN RATIO 
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STANTCN NUMBER DATA 


RUN 082273 *** DISCRETE HOLE RIG ♦** NAS-3-14336 


TINF» 76.9 UIMF» 31. D XVO« 6.390 RHO» 0.07377 CP» 0.242 VISC» 0. 16643E-03 PR«0.714 

DISTANCE FROM ORIGIN OF 8L TO 1ST PLATE=42.910 P/0- 5 

uncertainty in REX-I5523. 


■Ml M- 

■0. f FLAT PLATE 

RUN 

, HIGH 

RE, STEP T- 

■WALL 

AT 1ST PLATE 








PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

OST 

DRFFN 

H 

F 

T2 

theta 

oth 

1 

50.30 

0.68160E 

06 

103.8 

0.73379E 

02 

0.47272E-02 

0.106E-03 

2. 






2 

52.30 

0.71265E 

06 

103 .9 

0.20124E 

03 

0.35096E-02 

0.950E-04 

3. 

0.00 

0.00 00 

103.9 

1.000 

0.013 

3 

54.30 

0.74370E 

06 

103.9 

0.30661E 

03 

0.32785E-02 

0.931F-04 

4. 

0.00 

0.00 00 

103.9 

1.000 

0.013 

4 

56.30 

0.77474E 

06 

103.9 

0.40638E 

03 

0.31491E-02 

0.920'E-04 

4. 

0.00 

0.0000 

103.9 

l.OOO 

0.013 

5 

58.30 

0.80579E 

06 

103.9 

0.50209E 

03 

0.30164E-02 

0.910E-04 

5. 

0.00 

0.0000 

103.9 

1.300 

0.013 

6 

60.30 

0.83683E 

06 

103.9 

0.59429E 

03 

0.29233E-02 

0.905E-04 

5. 

0.00 

0.3000 

103.9 

1.000 

0.013 

7 

62.30 

0.86788E 

06 

103.8 

0.68340E 

03 

0.281 76E-02 

0.898E-04 

5. 

0.00 

0.00 00 

103.8 

1.000 

0.013 

e 

64.30 

0.89892E 

06 

103.8 

0.76988E 

03 

0.27535E-02 

0.896E-04 

6. 

0.00 

0.0000 

103.8 

1.000 

0.013 

9 

66.30 

0.92997E 

06 

103.8 

0.85473E 

03 

0.27124E-02 

0.892E-04 

6. 

0.00 

0.0000 

103.8 

1.000 

0.013 

10 

68.30 

0.96101E 

06 

103.8 

0.93828E 

03 

0.26700E-02 

0.890E-04 

6. 

0.00 

0.00 00 

103.8 

1.000 

0.013 

11 

70.30 

0.99206E 

06 

103.8 

0.10209E 

04 

0.26625E-02 

0.888F-04 

7. 

0.00 

0.0000 

103. R 

1.000 

0.013 

12 

72.30 

0.10231E 

07 

103.9 

0.11012E 

04 

0.2 5205E-02 

0.877E-04 

7. 

0.00 

0.0000 

103.9 

1.000 

0.013 

13 

73.82 

0.10467E 

07 

103.5 

0.11626E 

04 

0.2 78 76E-02 

0.588E-04 

7. 






14 

74.85 

0.10627E 

07 

103.4 

0.12058E 

04 

0.26047E-02 

0.605F-04 

7. 






15 

75.88 

0.10787E 

07 

104.0 

0.12469E 

04 

0.253 70E-02 

0.600E-04 

7. 






16 

76,91 

0.10947E 

07 

104.1 

0.12872E 

04 

0.24881E-02 

0.587E-04 

7. 






17 

77.95 

0.11108E 

07 

104.2 

0.13267E 

04 

0.245 75F-02 

0.585E-04 

7. 






18 

78.98 

0.11268E 

07 

104.0 

0.13667E 

04 

0.25321E-02 

0.598E-04 

7. 






19 

80.01 

0.I1428E 

07 

104.0 

0.14067E 

04 

0.247 07E-02 

0.575E-04 

7. 






20 

81.04 

0.11588F 

07 

104.2 

0.14457E 

04 

0.23930E-02 

0. 560E-04 

7. 






21 

82.07 

0.11748E 

07 

104.0 

0.14850E 

04 

0, 252 23 E- 02 

0.586E-04 

7. 






22 

83.10 

0.11908E 

07 

104.2 

0.15243E 

04 

0.23881F-02 

0.581E-04 

7. 






23 

84.13 

0.12067E 

07 

104.0 

0.15619E 

04 

0.2 30 76E-02 

0.571F-04 

7. 






24 

85.16 

0.12228E 

07 

103.8 

0.15994E 

04 

0.23786E-02 

0.604E-04 

7. 






25 

86.20 

0.12389E 

07 

102.0 

0.16356E 

04 

0.21514E-02 

0.576F-04 

8. 






26 

87.23 

0.12549E 

07 

102.4 

0.16721E 

04 

0.24004E-02 

0.607E-04 

8. 






27 

88.26 

0.12708E 

07 

103.7 

0.17108E 

04 

0.24403E-02 

0.603F-04 

8. 






28 

89.29 

0.12868E 

07 

104.2 

0.17489E 

04 

0.23201E-02 

0.574E-04 

8. 






29 

90.32 

0.13028E 

07 

103.8 

0.17879E 

04 

0.25553F-02 

0.59BE-04 

8. 






30 

91.35 

0.13138E 

07 

104.6 

0.18267E 

04 

0.22803E-02 

9.574F-04 

8. 






31 

92.38 

U.13348E 

07 

104.5 

0.18636E 

04 

0.23368E-02 

0.572E-04 

8. 






32 

93.41 

0.13509E 

07 

104.3 

0.18998E 

04 

0.21902F-02 

0.559F-04 

8 . 






33 

94.45 

0.13669E 

07 

104.2 

0.19352E 

04 

0.22272E-02 

0.557E-04 

8. 






34 

95.48 

0.13829E 

07 

103.5 

0.19709E 

04 

0.22284E-02 

0.553F-04 

8. 






35 

96.51 

0.13989E 

07 

103.9 

0.20065E 

04 

0.22236E-02 

0.586F-04 

8. 






36 

97.54 

0.14149E 

07 

103.2 

0.20420E 

04 

0.22140E-02 

0.646F-04 

8. 
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STANTCM NUMBER DATA RUN 082073 *** DISCRETE HOLE RIG NAS-3-14326 


TINE- 78.8 UINF- 30.0 XVO* 6.390 RHO= 0.07317 CP* 0.242 VISC* 0.16824F-03 ' po*o.714 

distance from origin of BL to 1ST PLATE-42.910 P/D- 5 

UNCERTAINTY IN REX-14863. UNCERTAINTY IN F-0. 03257 IN RATIO 

** M-0.2. COLO RUHi HIGH RE, STEP T-MALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DR55N 

H 

F 

T? 

thft.h 

OTh 

1 

50.30 

0.65264E 

06 

105.0 

0.72454E 

02 

0.48748E-02 

0.1155-03 

2. 






2 

52.30 

0.68236E 

06 

105.1 

0.22427F 

03 

0.41601E-02 

0. 1075-03 

3. 

0.20 

0.0066 

83.5 

0.178 

O.OlO 

3 

54.30 

0.71209E 

Ob 

105.2 

0.38383E 

03 

0.41815E-02 

0.107F-33 

4. 

0.21 

0.0367 

83.5 

0.130 

0.010 

4 

56.30 

0.741dlE 

Ob 

105.2 

0-54295F 

03 

0.40722E-02 

0.106E-03 

5. 

0.20 

0.0365 

33.3 

0.189 

O.OlO 

5 

58.30 

0.77154E 

06 

105.1 

0.69809E 

03 

0.399645-02 

0.105F-03 

6. 

0.20 

0.0065 

83.7 

0.186 

0.010 

6 

60.30 

0.80127E 

06 

105.1 

0.84683F 

03 

0.3 6873E-02 

0.1035-03 

6. 

0.20 

0.0365 

83.7 

0.184 

O.OlO 

7 

62.30 

0.83099E 

06 

105.1 

0.99216E 

03 

0.360 TOE- 02 

0. 1025-03 

7. 

0.21 

0.0069 

83.8 

0.198 

O.OlO 

8 

64.30 

0.86072F 

06 

105.1 

0.11360E 

04 

0.34868E-02 

0. 1015-03 

7. 

0.21 

0.3068 

83.8 

0.189 

0.010 

9 

66.30 

0.89044E 

06 

105.1 

0.12769E 

04 

0.341 88E-02 

0.1005-03 

8. 

0.21 

0.0067 

83.9 

0.191 

0.0) 0 

10 

68.30 

0.92017E 

06 

105.2 

0.14159E 

04 

0.33644E-02 

0.9965-04 

8. 

0.21 

0.0067 

83.° 

0.192 

n.mo 

11 

70.30 

0.94990E 

06 

105.4 

0.15532E 

04 

0.329B0E-02 

0.9875-04 

9. 

0.21 

0.0369 

83.8 

0 . L 8 8 

O.OlO 

12 

72.30 

0.97962F 

06 

105.2 

0.16877E 

04 

0.31757E-02 

0.9825-04 

9. 

0.20 

0.0066 

84.0 

0.197 

O.OlO 

13 

73.82 

0.10022E 

07 

104.6 

0.17774E 

04 

0. 302 20 E- 02 

0.6545-04 

9. 






14 

74.85 

0.10175E 

07 

104.6 

0.18213E 

04 

0.27140E-02 

0.6535-04 

9. 






15 

75.88 

0.1032BE 

07 

105.4 

0.18617E 

04 

0.254 79E-02 

0.5315-04 

9. 






16 

76. 91 

0. 10482E 

07 

105.5 

0.18998E 

04 

0.24356E-02 

0.5075-04 

9. 






17 

77.95 

0.10636E 

07 

105.7 

0.19363E 

04 

0.23152E-02 

0.5925-04 

9. 






18 

78.98 

0.10789E 

07 

105.4 

0.19725E 

04 

0.24161E-02 

0.6095-04 

10. 






19 

80.01 

0.1 094 2F. 

07 

105.6 

0.20085E 

04 

0.22804E-02 

0.5735-04 

10. 






20 

81.04 

0.11095E 

07 

105.8 

0.20428E 

04 

3.21894F-02 

0.5555-04 

10. 






21 

82.07 

0.11248E 

07 

105.6 

0.20774F 

04 

0.232 57E-02 

0.5825-04 

10. 






22 

83. 10 

0.11401E 

07 

105.9 

0.21117E 

04 

0.21591F-02 

0.5755-04 

10. 






23 

84.13 

0.11555E 

07 

105.6 

0.21446E 

04 

0.21334E-02 

0.5715-04 

10. 






24 

85.16 

0.11708E 

07 

105.6 

0.21774E 

04 

0. 214895-02 

0. 5955-04 

10. 






25 

86.20 

0.X1862E 

07 

104.0 

0.220915 

04 

0.197 645 - 02 

0.5745-04 

10. 






26 

87.23 

0.12015E 

07 

104.4 

0.22408E 

04 

0.216515-02 

0.5955-04 

10. 






27 

88.26 

0.12168E 

07 

105.5 

0.22743F 

04 

0.220845-02 

0,5925-04 

10. 






28 

89.29 

0.12321E 

07 

105.9 

0.23075E 

04 

0.212215-02 

0. 5705-04 

10. 






29 

90.32 

0.12475E 

07 

105.6 

0.23416F 

04 

0.232205-02 

0.5895-04 

10. 






30 

91.35 

0.12628E 

07 

106.3 

0.23754F 

04 

0.209 065 - 02 

0.5735-04 

10. 






31 

92.38 

0.12761E 

07 

106.1 

0.24078F 

04 

0.214115-02 

0.5705-04 

10. 






32 

93.41 

0.12935E 

07 

106.0 

0.24398F 

04 

0.203615-02 

0.5635-04 

10. 






33 

94.45 

0.13088E 

07 

105.9 

0.24713F 

04 

0.207 775-02 

0.5605-04 

10. 






34 

95.48 

0.13241E 

07 

105.4 

0.23031F 

04 

0.20645F-02 

0.5535-04 

10. 






35 

96.51 

0.13395E 

07 

105.6 

0.25349E 

04 

0.20803F-02 

0.5915-04 

10. 






36 

97.54 

0.13548= 

07 

105.0 

0.25665F 

04 

0.204135-02 

0.652F-04 

10. 
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STANTON NUMpcR DATA P.IJM 082173 *** OISCRlTE HDUP RIG *• f MAS-3-1^3?-6 

TINF- 79.1 UINF= 30.3 XVO= A-3R0 PHO= 0.07350 CP= 0.242 VISC= 0.16762E-03 PP»0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PL AT E=42. 910 P/D= 5 

UNCERTAINTY IN REX=15072. UNCERTAINTY IN F=0. 03245 IN RATIO 


♦♦ M»0.2, HOT RUNf HIGH RE, STEP T-WALl AT IRT PLATE. 


PLATE 

X 

PEX 


TO 

REENTH 


STANTON NO 

OST 

ORFEN 

M 

F 

T? 

theta 

Oth 

1 

50.30 

0.66182E 

06 

108.2 

0.70832E 

02 

0.46995F-02 

0.104E-03 

2. 






2 

52.30 

0.69196E 

06 

108.2 

Q.26170E 

03 

0.35162E-02 

0.922E-04 

4. 

0.18 

0.0057 

101.6 

0.774 

0.011 

3 

54.30 

0.7221 IE 

06 

108.2 

0.49703E 

03 

0.33932E-02 

0.911E-04 

5. 

0.17 

0.0054 

102.0 

0.785 

0.011 

4 

56.30 

0.75225E 

06 

108.3 

0.72354E 

03 

0.31960E-02 

0.392E-04 

6. 

0.16 

0.0053 

102.4 

0.796 

n.oi 1 

5 

58.30 

0.78239E 

06 

108.2 

0.94752E 

03 

0.297 13F-02 

0.877E-04 

8. 

0.17 

0.0056 

107.6 

0.806 

0.011 

6 

60.30 

0.81254F 

06 

108.2 

0. 11712P 

04 

0.275 76E-02 

0.861E-04 

8. 

0.13 

0.0059 

101.8 

0.731 

0.011 

7 

62.30 

0.84268E 

06 

108 .1 

0.13862E 

04 

0.26396F-02 

0.856E-04 

9. 

0.16 

0.0052 

102.7 

0.313 

0.011 

8 

64.30 

0.87283E 

Ob 

108.1 

0.15977E 

04 

0.25l32=-02 

0.848E-04 

10. 

0.17 

0.0054 

103.8 

0.354 

0.011 

9 

66.30 

0.90297F 

06 

108.1 

0.18101E 

04 

0.24554E-02 

0.844E-04 

11. 

0.16 

0.0053 

1 03.6 

0.347 

o.oii 

10 

68.30 

0.93311E 

06 

108.1 

0.20281E 

04 

0.23837E-02 

0.839E-04 

12. 

0.18 

0.0058 

104.6 

0.879 

0.011 

11 

70.30 

0.96326E 

06 

108.1 

0.22525= 

04 

0.22831E-02 

0.832E-04 

12. 

0.17 

0.0056 

105.4 

0.906 

0.012 

12 

72.30 

0.99340E 

06 

108.2 

0.24708E 

04 

0.205 49E-02 

0.816E-04 

13. 

0.16 

0.005? 

107.6 

0.980 

0.012 

13 

73.82 

0.10163E 

07 

107.8 

0.25959E 

04 

0.23300E-02 

0.511E-04 

13. 






14 

74.85 

0.10318E 

07 

107.7 

0.26309E 

04 

0. 2 17 39 E- 02 

0.535E-04 

13. 






15 

75-88 

0.10474E 

07 

108.5 

0.26634E 

04 

0.200B4E-02 

0.517E-04 

13. 






16 

76.91 

0.10630E 

07 

108.5 

0.26945E 

04 

0.19940E-02 

0.508E-04 

13. 






17 

77.95 

0.10706E 

07 

108.7 

0.27253E 

04 

0.196 04E-02 

0.504E-04 

13. 






18 

78.98 

0.10941E 

07 

108>.9 

0.27553E 

04 

0.190 85E-02 

0.501E-04 

13. 






19 

80.01 

0.11096E 

07 

108.7 

0.27853E 

04 

0.19455E-02 

0.489E-04 

13. 






20 

81.04 

0.11251E 

07 

108.9 

0.28150E 

04 

0.18802E-02 

0.477E-04 

13. 






21 

82.07 

0.11407E 

07 

108.9 

0.23444F 

04 

0.18998E-02 

0.489E-04 

13. 






22 

83.10 

0. U562E 

07 

108.7 

0.28741E 

04 

0.192 78E-02 

0.506E-04 

13. 






23 

84.13 

0.11717E 

07 

108.7 

0.29034E 

04 

0.18395E-02 

0.495E-04 

13. 






24 

85.16 

0.11873F 

07 

108-9 

0.29319E 

04 

0.18304E-02 

0.=0o=-04 

13. 






25 

86.20 

0.12029E 

07 

107.6 

0.29597F 

04 

0. 17469E-02 

0.496E-04 

13. 






26 

87.23 

0.12184E 

07 

107 .5 

0.29885E 

04 

0.19518E-02 

0.523E-04 

13. 






27 

88.26 

0.12340E 

07 

108.7 

0.30181E 

04 

0.18627E-02 

0.507E-04 

14. 






28 

89.29 

0.12495F 

07 

108.9 

0.3 04 7 IE 

04 

0.185 79B-02 

0.497P-04 

14. 






29 

90.32 

0.12650E 

07 

108.5 

0.30772E 

04 

0.202 72E-02 

0.513E-04 

14. 






30 

91.35 

0.12805E 

07 

109.0 

0.31078E 

04 

0.190 24E-02 

0.511E-04 

14. 






3 1 

92.38 

0. 12961E 

07 

109.0 

0.31371E 

04 

0.1B709F-02 

0.501E-04 

14. 






32 

93.41 

0.1311 7E 

07 

108.5 

0.31662E 

04 

0.18779E-02 

0.507E-04 

14. 






33 

94.45 

0.13273E 

07 

108.6 

0.31953F 

04 

0.185 77F-02 

0.498F-04 

14. 






34 

95.48 

0.1342 BE 

07 

108.1 

0.32241E 

04 

0.18569E-02 

0.492E-04 

14. 






35 

96.51 

0.13583E 

07 

108.3 

0.32532E 

04 

0.18828F-02 

0.528F-04 

14. 






36 

97.54 

0.13738E 

07 

107.7 

0.32823E 

04 

0.18557F-02 

0.574E-04 

14. 
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FOLLOWING IS THE DATA FOR THETA= 0 AND THETA»1, WHICH HAS OBTAINED BY LINEAR SOOERPOE ITl ON thcdPY. 
THIS DATA HAS PfiODUCeD FROH RUN 082073 AND RUN 082173 


FOR 

THE DETAIL 

CHANGES OF 

PROPERTIES 

AND BOUNDARY 

CONDITIONS. PLEASE 

: SFE the above 

TWO RUNS 




PLATE 

REXCOL 

RE DEL2 

£TITH»0» 

REXHOT RE 

0EL2 

st(th=ii 

ETA 

5TCP 

F-CDL 

sthr 

P-HDT 

PHI-1 

1 

652635.8 

72.5 

0.004875 

661816.6 

70.8 

0.004700 

UUUUU 

UUUUU 

0.0000 

UUUUUUU 

0.0000 

IIIIUUU 

2 

682361.9 

209.6 

0.004352 

691960.9 

277.6 

0.003273 

0.248 

1.009 

0.0066 

1.042 

0.3057 

1.805 

3 

7I208B.0 

339.9 

0 . 0044 16 

722105.1 

542.1 

0.003113 

0.295 

1.147 

0.0067 

1.05-3 

0.0054 

1.019 

4 

741814.1 

470.2 

0.004346 

752249.4 

793.7 

0.002900 

0.333 

1 .215 

0.0D55 

1.023 

0.0053 

1.793 

5 

771540.1 

596.8 

0.004173 

782393.6 

1041.4 

0.002683 

0.357 

1.233 

0.0066 

0.976 

0.0056 

1.307 

6 

801266.3 

717.9 

0.003973 

812537.8 

1291.3 

0.002417 

0.392 

1.227 

0.0065 

0.903 

0.0059 

1.782 

7 

830992.3 

834.3 

0.003398 

842682.1 

1531.0 

0.002351 

0.397 

1.249 

0.0069 

0.P97 

0.005? 

1.707 

8 

860718.4 

948.7 

0. 0037 64 

872826.3 

1761.6 

0.002299 

0.389 

1.245 

0.0068 

0.895 

0.0054 

1.740 

9 

890444.4 

1059.7 

0. 0036 99 

902970.6 

1991.6 

0.002231 

0.397 

1.757 

n.0!)67 

0.883 

0.3053 

1.778 

10 

920170.6 

1168.7 

0.003637 

933114.8 

2226.5 

0.002217 

0.390 

1.266 

0.006 7 

0.892 

0.0058 

1.816 

11 

949896.6 

1275.7 

0.003563 

963259.1 

2464.8 

0.002150 

0.397 

1.268 

0.0069 

0.877 

0.0056 

1.785 

12 

979622.7 

1380.1 

0.003458 

993403.3 

2690.2 

0.002026 

0.414 

1.255 

0.0066 

0.837 

0.0052 

1.682 

13 

1002214.0 

1456.1 

0. 0032 21 

1016313.0 

2815.2 

0.002158 

0.330 

1.186 


0.900 



H 

1017523.0 

1502.8 

0.002870 

1031837.0 

2847.8 

0.002040 

0.289 

1.066 


0.556 



15 

1032 832.0 

1545.5 

0.002703 

1047361.0 

2878.2 

o.or 1874 

0.307 

1.013 


0.791 



16 

1048215.0 

1585.9 

0.002563 

1062961.0 

2907.5 

0.001884 

0.265 

0.968 


0.799 



17 

1063598.0 

1624.1 

0.002417 

1078560.0 

2936.6 

0.001872 

0.226 

0.920 


0.799 



18 

1078907.0 

1662.2 

0.002562 

1094084.0 

2965.0 

0.001782 

0.304 

0.983 


0.764 



19 

1094216.0 

1700.1 

0.002377 

1109609.0 

2993.4 

0.001 862 

0.217 

0.919 


0.803 



20 

1109525.0 

1735.7 

0.002278 

1125133.0 

3021.9 

0.001803 

0.208 

0.887 


0.781 



21 

1124834.0 

1772.0 

0.002448 

1140658.0 

3049.8 

0.001794 

0.767 

0.960 


0.781 



22 

1140143.0 

1807.3 

0.002226 

1156182.0 

3078.3 

0.001870 

0.160 

0.878 


0.818 



23 

1155452.0 

1841 .8 

0.0022 18 

1171706.0 

3106.6 

0.001767 

0.204 

0.881 


0.776 



24 

1170835^0 

1876.0 

0.002241 

1187306.0 

3133.9 

0.001751 

0.218 

0.896 


0.773 



25 

1186218.0 

190R.8 

0. 002042 

1202905.0 

3160.6 

0.001690 

0.173 

0.822 


0.749 



26 

1201527.0 

1941.6 

0.002227 

1218429.0 

3188.5 

0.001899 

0.147 

0.901 


0.545 



27 

1216836.3 

1976.3 

0, 002308 

1233954.0 

3217.1 

0.001777 

0.230 

0.939 


0.704 



28 

1232145.0 

2010.8 

0 . 002 1 98 

1249478.0 

3244.8 

0.001792 

0.185 

0.900 


0.804 



29 

1247454.0 

2046.1 

0.002407 

1265003.0 

3273.9 

0.001954 

0.1R8 

0.990 


0.880 



30 

1262763.0 

2061.0 

0.002145 

1280527.0 

3303.6 

0.001856 

0.135 

0.887 


0.839 



31 

1278072.0 

2114.5 

0.0022 19 

1296051.0 

3332.0 

0.001904 

0.187 

0.923 


0.819 



32 

1293455.0 

2147.4 

0.002082 

1311651.0 

3360.3 

0.001039 

0.117 

0.870 


0.B38 



33 

1308838.0 

2179.8 

0. 002141 

1327250.0 

3338.6 

0.001503 

0.15 8 

0.899 


0.875 



34 

1324147.0 

2212.5 

0.002124 

1342774.0 

3416.6 

0.001805 

0.150 

0.897 


0.529 



35 

1339456.0 

2245.1 

0.002138 

1358299.0 

3444.9 

0.001834 

0.142 

0.907 


0.845 



36 

1354765.0 

2277.6 

0.002095 

1373823.0 

34 73.2 

0.001809 

0.136 

0.893 


0.837 
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STANTON NUMBER DATA RUN 08 2473 filSCRETP HOLE RIG *•* NAS-3-1433A 


TINF= 77.7 UINF= 31.0 XVC-» 6.390 RHO« 0.07314 CP= 0.242 VISC= 0.16801E-03 P0»0.714 

DISTANCE FROM ORIGIN OF 8L TO 1ST PLATE=42.910 P/D- 5 

UNCERTAINTY IN RFX-15370. UNCERTAINTY IN F*0. 03228 IN RATIO 


♦f M-0.8, COLD RUN, HIGH RE, STEP T-WALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREFN 

M 

F 

T2 

theta 

Oth 

1 

50.30 

0.6748 8E 

06 

103.8 

0.72093E 

02 

0.469 06E-02 

0.109E-03 

2. 






2 

52.30 

0.70562E 

06 

103.8 

0.24641E 

03 

0.45875E-02 

0.108E-03 

5. 

0.75 

0.0242 

79.9 

0.085 

0.010 

3 

54.30 

0.73636E 

06 

103.8 

0.45478E 

03 

0.49812E-02 

0.112E-03 

7. 

0.73 

0.0237 

79.8 

0.081 

0.010 

4 

56.30 

0.76709E 

06 

103.9 

0.67148E 

03 

0.50957E-02 

0.113E-03 

9. 

0.75 

0.0243 

79.9 

0.086 

0.010 

5 

58.30 

0.79783E 

06 

103.9 

0.83933E 

03 

0. 492 68 E- 02 

O.lllE-03 

11. 

0.74 

0.0239 

79.9 

0.086 

0.010 

6 

60.30 

0.82857E 

Oo 

103.9 

0.10987E 

04 

0.471 56E- 02 

0.109E-03 

12. 

0.74 

0.0239 

79.8 

0.081 

O.OlO 

7 

62.30 

0.85931E 

06 

103.9 

0.13032E 

04 

0.442 94E-02 

0. 106F-03 

14. 

0.73 

0.0237 

80.1 

0.094 

0.010 

8 

64.30 

0. 89005E 

06 

103.8 

0.15048E 

04 

0.416 76E-02 

0.104E-03 

15. 

0.75 

0.02 43 

80.1 

0.094 

0.010 

9 

66.30 

0.92079F 

06 

103.7 

0.16993E 

04 

0-398 69E-02 

0.103E-03 

16. 

0.74 

0.0241 

80.0 

0.091 

0.010 

10 

68.30 

0.95153E 

06 

103 .8 

0,18887E 

04 

0.388 73F-02 

0.102E-03 

17. 

0.75 

0.0244 

80.1 

0.092 

O.OlO 

11 

70.30 

0.98227E 

06 

103.8 

0.20722E 

04 

0.37120E-02 

0.999E-04 

18. 

0.74 

0.0240 

80.0 

0.088 

O.OlO 

12 

72.30 

0.10130E 

07 

103.9 

0.22519E 

04 

0.36169E-02 

0.988E-04 

19. 

0.75 

0.0243 

80.1 

0.093 

O.OlO 

13 

73.82 

0.10364E 

07 

102.7 

0.23671E 

04 

0.31386E-02 

0.658E-04 

19. 






14 

74.85 

0.10S22E 

07 

102.7 

0.24138E 

04 

0.27604E-02 

0.650E-04 

19. 






15 

75.88 

0.10680E 

07 

103.7 

0.24547E 

04 

0.24014E-02 

0.600E-04 

19. 






16 

76.91 

0.10839E 

07 

104.0 

0.24909E 

04 

0.21600E-02 

0.556E-04 

19. 






17 

77.95 

0.10998E 

07 

104.3 

0.25237E 

04 

0.19817F-02 

0.532E-04 

19. 






18 

78.98 

0.11157E 

07 

104.3 

0.25550E 

04 

0.19706E-02 

0.532E-04 

19. 






19 

80.01 

0.11315E 

07 

104.5 

0.25851E 

04 

0.182 78E-02 

0.496E-04 

19. 






20 

81.04 

0.1147’E 

07 

104.7 

0.26135E 

04 

0.175 78E-02 

0.481E-04 

19. 






21 

82.07 

0.11632E 

07 

104.5 

0.26420E 

04 

0.18377E-02 

0.500E-04 

19. 






22 

83.10 

0.11790E 

07 

104.7 

0.26702F 

04 

0.171 89E-02 

0.502E-04 

19. 






23 

84.13 

0.11948E 

07 

104.5 

0.26973E 

04 

O.16960F-O2 

0.500E-04 

19. 






24 

85.16 

0.12107E 

07 

104.4 

0.27244E 

04 

0.17234E-02 

0.528E-04 

19. 






25 

86.20 

0. 12266E 

07 

102.6 

0.27510E 

04 

0.163 75E-02 

0.523E-04 

19. 






26 

87.23 

0.12425E 

07 

103.0 

0.27781E 

04 

0.17830E-02 

0.535E-04 

19. 






27 

88.26 

0.12583E 

07 

104.2 

0.28066E 

04 

0.1B115E-02 

0.528E-04 

19. 






28 

89.29 

0.12741E 

07 

104.6 

0.28349E 

04 

0.175 85F-02 

0.510E-04 

19. 






29 

90.32 

0.12900E 

07 

104.1 

0.28647E 

04 

0.20067F-02 

0.533E-04 

19. 






30 

91.35 

0.13058E 

07 

104.6 

0.23947E 

04 

0.17747E-02 

0.521E-04 

19. 






31 

92.38 

0.13216E 

07 

104-7 

0.29232E 

04 

0.181B6E-02 

0.516F-04 

19. 






32 

93.41 

0.13375E 

07 

104.5 

0.29515E 

04 

0.17523E-02 

0.515E-04 

19. 






33 

94.45 

0. 13534E 

07 

104.4 

0.29796E 

04 

0.179 79E-02 

0.513E-04 

19. 






34 

95.48 

0.13693E 

07 

103.8 

0.10082E 

04 

0.18153E-02 

0.510E-04 

1". 






35 

96.51 

0.13851E 

07 

104.1 

0.30369E 

04 

0.18052E-02 

0.546E-04 

19. 






36 

97.54 

0.14009E 

07 

103.3 

0.30656E 

04 

0.18116E-02 

0.616E-04 

19. 
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STANTCN NUMBER CA7A RUN 082773 CISCRC^F HOLE RIG **» NAE-3-14336 

TINF- 78.8 UINF* 31.0 XVO» 6.390 RHO= 0.07319 CP« 0.242 V ! RC= 0.16809F-03 PR«0.71«! 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=4?.910 P/D» 5 

UNCERTAINTY IN REX«15394. UNCERTAINTY IN F=o. 03225 IN RATIO 

*• M«0.8t HOT RUNt HIGH RE, »tEP T-WA'.L AT 1ST PLATE. 


PLATE X 

REX 


▼0 

REENTh 


STANTON NO 

nsT 

DREFM 

H 

F 

T2 

’■HFT4 

OTH 

1 

50. 30 

0.67594F 

06 

108.2 

0.71660E 

02 

0.46551F-02 

0.998E-04 

2. 






2 

52.30 

0.70673E 

06 

108.3 

0.54239E 

03 

0.41089E-02 

0.944E-04 

12. 

0.73 

0.0235 

106.1 

0.927 

O.Ol? 

3 

54.30 

0.73752E 

06 

108.2 

0.136S1E 

04 

0.41592E-02 

0.950F-04 

21. 

0.74 

0.0238 

107.6 

0.980 

0,012 

4 

56.30 

0.76831E 

06 

108.4 

0.22034E 

04 

0.40343E-02 

0.935E-04 

27. 

0.73 

0.0236 

107.5 

0.971 

0.012 

5 

58.30 

0.79910E 

06 

108.3 

0.30289E 

04 

0.365 88E-02 

3.903E-04 

33. 

0.72 

0.0235 

107.8 

0.982 

0.012 

6 

60.30 

0.R2988E 

06 

108 .3 

0.38263E 

04 

0.32656E-02 

0.871E-04 

37. 

0.75 

0.0243 

105.3 

0.899 

0.011 

7 

62.30 

0.86 06 7E 

06 

108.2 

0.46155F 

04 

0. 2 8641 E- 02 

D.842E-04 

41. 

0.75 

0.0243 

107.0 

0.958 

0.012 

8 

64.30 

0.89146E 

06 

108.3 

0.54109E 

04 

0.25430E-02 

0.819E-04 

44. 

0.72 

0.0234 

107.7 

0.030 

0.012 

9 

66.30 

0.92225E 

06 

108.3 

0.61734E 

04 

0.22953E-02 

0.803E-04 

48. 

0.71 

0.02 32 

106.4 

0.938 

0.012 

10 

68.30 

0.95303E 

06 

108.2 

0.69318E 

04 

0.21325E-02 

0.795F-04 

51. 

0.76 

0.0245 

106.5 

0.942 

0.012 

11 

70.30 

0.98382E 

06 

108.2 

0.76970E 

04 

0.19337F-02 

0.784E-04 

53. 

0.78 

0.02 5? 

105.1 

0.395 

0.011 

12 

72.30 

0.10146E 

07 

108.3 

0.84379E 

04 

0.17535F-02 

0.773E-04 

56. 

0.75 

0.0244 

105.3 

0.900 

0.011 

13 

73.82 

0.10380E 

07 

107.6 

0.38158E 

04 

0.17046E-02 

0.408E-04 

57. 






14 

74,85 

0.10539E 

07 

107.7 

0.B8407E 

04 

0.14383E-02 

0.431E-04 

57. 






15 

75.88 

0.10697E 

07 

108.5 

0.88619E 

04 

0.12260E-02 

3.412E-04 

57. 






16 

76.91 

0.1O857E 

07 

108.7 

0.88806E 

04 

0.1130BE-02 

0.396E-04 

57. 






17 

77.95 

0.11016E 

07 

108.9 

0.88980E 

04 

0.10635F-02 

0.390E-04 

57. 






18 

78.98 

0.1U74F 

07 

109.0 

0.89147E 

04 

0.10376E-02 

0.391E-04 

57. 






19 

80.01 

0.11333E 

07 

109.0 

0.893 09E 

04 

0.10149E-02 

0.370E-04 

57. 






20 

81.04 

0.11492E 

07 

109.1 

0.89467E 

04 

0. 976 25 E- 03 

0.361F-04 

57. 






21 

82.07 

0.11650E 

07 

109.1 

0.69626E 

04 

O.lOl 68E-02 

0.376E-04 

57. 






22 

83.10 

0.11809E 

07 

109.0 

0.89786E 

04 

0.10003F-02 

0.391E-04 

57. 






23 

84.13 

0.11967E 

07 

108.9 

0.89943E 

04 

0.97517E-03 

0.389E-04 

57. 






24 

85.16 

0.12127E 

07 

109.0 

0.90098E 

04 

0.97663E-03 

0.406E-04 

57. 






25 

86.20 

0.12286E 

07 

107.7 

0.90248E 

04 

0.92200E-03 

0.401F-04 

57. 






26 

87.23 

0.12444E 

07 

107.7 

0.90406E 

04 

0.10706E-02 

0.414E-04 

57. 






27 

88.26 

0.12603E 

07 

108.7 

0.905 75E 

04 

0.10602E-02 

0.407E-04 

57. 






28 

89.29 

0. 12762E 

07 

109.0 

0.90743E 

04 

0.10459E-02 

0.396E-04 

57. 






29 

90.32 

0.12920E 

07 

108.6 

0.90923E 

04 

0.12228E-0Z 

0.407E-04 

57. 






30 

91.35 

0.13079E 

07 

109.0 

0.91103E 

04 

0.11113F-02 

0.412F-04 

57. 






31 

92.38 

0.13237E 

07 

109.0 

0.91284E 

04 

0.11092E-02 

0.405E-04 

57. 






32 

93.41 

0.13397E 

07 

108.7 

0.91462E 

04 

0.112 53F-0Z 

0.413E-04 

57. 






33 

94.45 

0.13556E 

07 

108.6 

0.91641E 

04 

0.11322E-02 

0.404F-04 

57. 






34 

95.48 

0. 137146 

07 

108.2 

0.91823E 

04 

0.11601T-0? 

0.401F-04 

57. 






35 

96.51 

0.13873E 

07 

108,3 

0.92009P 

04 

0.11790E-02 

0.439F-04 

57. 






36 

97.54 

0. 14032E 

07 

107.7 

0.92195E 

04 

0.11667F-02 

0.477F-04 

57. 








182 


FOLLOWING IS THE DATA FOR 

THETA=0 and THETAxl, 

WHICH WAS 

OBTAINED BY 

LINEAR 

TUPERPOS ITION 

THCnRV, 



THIS 

DATA WAS 

PRODUCED FROM PUN 082473 AND 

RUN 

082773 








FOR 

THE DETAIL 

CHANGES OF 

PROPERTIES 

AND BOUNDAPy 

CONDITIONS, PLEASE 

SEE the ABPVE 

TWO RUMP 



PLATE 

REXCnL 

PE DEL2 

ST(th=0 ) 

REXHOT 

RE 

DEL2 

ST(TH=1» 

eta 

crrij 

F-CDL 

STHP 

F-HHT 

PHI-1 

1 

674877.1 

72.1 

0.004691 

675944.3 


71.7 

0.004655 

UUUUU 

UUUUU 

0.0000 

JUUUUU'J 

o.oooo 

IIUJUU 

Z 

705616.3 

215.4 

0. 004636 

706732.1 


568.2 

0.004067 

0.123 

1.083 

0.0242 

1.301 

0.0235 

3.932 

3 

736355.3 

364.4 

0. 005055 

737519.8 


1423.7 

0.004141 

0.181 

1.322 

0.0237 

1.408 

0.023P 

4.242 

4 

767094.4 

522.0 

0. 005199 

768307.5 


22 79.1 

0.003999 

0.231 

1.464 

0.0243 

1 .417 

0.0236 

4.328 

5 

797833.6 

679.5 

0. 005048 

799095.3 


3120.9 

0.003633 

0.2PO 

1.503 

0.0239 

1.323 

0.0235 

4.270 

6 

828572.7 

831.8 

0. 004859 

829882.9 


3959.4 

0.003087 

0.365 

1.512 

0,0239 

I.IBQ 

0.0243 

4.177 

7 

8593H. 8 

977.1 

0.004599 

860670.7 


4798.0 

0.002788 

0.394 

1.485 

0.0237 

1 .070 

0.0243 

4,100 

8 

890050.9 

1114.5 

0.004341 

891458.4 


5614.6 

0.002506 

0.423 

1.446 

0.0243 

0.980 

0.0234 

3.922 

9 

920790.1 

1245.3 

0. 0041 70 

922246-1 


64 04.2 

0.002171 

0.479 

1.427 

0.0241 

0.864 

0.0232 

3.751 

10 

951529.2 

1372.1 

0.004077 

953033.9 


7202.9 

0.002013 

0.506 

1.430 

0.0244 

0.813 

0.0245 

3.842 

U 

982268.3 

1494.8 

0. 003905 

983821.6 


8025.2 

0.001703 

0.564 

1.400 

0.0240 

0.698 

0.0252 

3.738 

12 

1013007.0 

1613.7 

0. 003832 

1014609.0 


8837.3 

0.001522 

0.603 

1.401 

0.0243 

0.632 

0.0244 

3.568 

13 

1036369.0 

1698.6 

0.003287 

1038008.0 


9248.4 

0.001609 

0.51 1 

1.219 


0.674 



14 

1052199.0 

1747.6 

0.002897 

1053863.0 


9271.9 

0.001350 

0.534 

1.084 


0.569 



15 

1068030.0 

1790.6 

0. 002523 

1069719.0 


9291.7 

0.001147 

0.545 

0.952 


0.486 



16 

1083937.0 

1828.5 

0. 0022 66 

1085651.0 


9309.3 

0.001062 

0.531 

0.862 


0.453 



17 

1099845.0 

1862.9 

0.002077 

1101584.0 


9325.7 

0.001002 

0.517 

0.796 


0.430 



16 

1115675.0 

1895.8 

0. 002067 

1117440.0 


9341.4 

0.000975 

0.528 

0.799 


0.420 



19 

Il3l50t>.0 

1927.3 

0.0019 12 

1133295.0 


9356.7 

0.000961 

0.49 8 

0.744 


0.416 



20 

1147337.0 

1957.0 

0. 001839 

1149151.0 


9371.7 

0.000924 

0.497 

0.721 


0.402 



21 

1163168.0 

1986.8 

0,001923 

1165007.0 


93 86.6 

0.000962 

0.500 

0.759 


0.421 



22 

1178998.0 

2016.3 

0. 001793 

1160863.0 


9401.8 

0.000952 

0.469 

0.713 


0.418 



23 

1194829.0 

2044.5 

0.001770 

1196718.0 


9416.8 

0.000927 

0.476 

0.708 


0.409 



24 

1210736.0 

2072.8 

0. 001801 

1212651.0 


9431,5 

0.000927 

0.485 

0.725 


0.411 



25 

1226644.0 

2100.6 

0.001711 

1228583.0 


9445.8 

0.000874 

0.48P 

0.693 


0.389 



26 

1242474.0 

2128.9 

0,001857 

1244439.0 


9460.8 

0.001023 

0.449 

0.757 


0.458 



27 

1258305.0 

2158.6 

0.001889 

1260295.0 


9476.9 

0.001010 

0.465 

0.774 


0.454 



28 

1274136.0 

2188.1 

0.001832 

1276150.0 


9492.9 

0.000999 

0.455 

0.755 


0.451 



29 

1289966.0 

2219.2 

0.002088 

1292006.0 


9510.1 

0.001170 

0.439 

0.865 


0.530 



30 

1305797.0 

2250.3 

0.001843 

1307862.0 


9527.9 

0.001067 

0.421 

0.768 


0.48R 



31 

1321628.0 

2279.9 

0.001892 

1323718.0 


9544.8 

0.001062 

0.43 9 

0.793 


0.4P4 



32 

1337535.0 

2309.3 

0. 001817 

1339650.0 


9561.8 

0.001083 

0.404 

0.765 


0.496 



33 

1353443.0 

2338.5 

0. 001867 

1355583.0 


9579.0 

0.001088 

0.417 

0.790 


0.500 



34 

1369273.0 

2368.2 

0.001883 

1371438.0 


9596.5 

0.001116 

0.407 

0.801 


0.515 



35 

1385104.0 

2398.0 

0. 001870 

1387294.0 


9614.4 

0.001137 

0.392 

0.799 


0.526 



36 

1400934.0 

2427.7 

0.001873 

1403150.0 


9632.4 

0.001124 

0.402 

0.806 


0.522 
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STANTON NUMBER DATA RUN 082973 **♦ DISCRETE HOLE RIG *** NAS-3-1A336 


TINF= 80.4 UINFr 31.1 XVO= 6.390 PHO= 0.07257 CP= 0.242 VISC= 0.16969E-03 p’=0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=42.910 P/D= 5 

UNCERTAINTY TN REX=15277. UNCERTAINTY IN F=0. 03228 IN RATIO 


*♦ M«1.0f COLD RUN, HIGH RE, STEP T-HALL AT 1ST PLATE. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

theta 

Oth 

1 

50.30 

0.67080E 

06 

107.5 

0.70759E 

02 

0.463 18E-0? 

3.106E-03 

2. 






2 

52.30 

0.70136E 

06 

107.5 

0.24483E 

03 

0.463 61E- 02 

0.106E-03 

5. 

0.95 

0.0306 

82.3 

0.069 

0.009 

3 

54.30 

0.73191E 

06 

107.5 

0.45789E 

03 

0.51144E-02 

O.lllE-03 

9. 

0.95 

0.03 09 

82.2 

0.067 

0.009 

4 

56.30 

0.76246E 

06 

107.5 

0.68332E 

03 

0. 543 25 E- 02 

0.114E-03 

11. 

0.95 

0.0309 

82.3 

0.069 

0.009 

5 

58.30 

0.79302E 

06 

107.5 

0.91145E 

03 

0.52269F-02 

0. 112E-03 

13. 

0.94 

0.0306 

82.3 

0.070 

0.P09 

6 

60.30 

0.82357E 

06 

107.4 

0.11281E 

04 

0.49019E-02 

0.109E-03 

15. 

0.95 

0.0307 

82.1 

0.062 

0.009 

7 

62.30 

0.35413E 

06 

107.4 

0.13392E 

04 

0.461 86E- 02 

0.106E-03 

16. 

0.95 

0.0309 

82.4 

0.077 

0.009 

8 

64.30 

0.88468E 

06 

107.4 

0.15492E 

04 

0.430 lOE-02 

0.103E-03 

17. 

0.95 

0.03 08 

82.5 

0.079 

0.009 

9 

66.30 

0.91523E 

06 

107.5 

0.17508F 

04 

0.41065 F- 02 

O.lOlE-03 

19. 

0.96 

0.0310 

82.4 

0.076 

0.009 

10 

68.30 

0.94579F 

06 

107.5 

0.19459E 

04 

0.39612E-02 

0.994E-04 

20. 

0.97 

0.0314 

82.4 

0.075 

0.009 

11 

70.30 

0.97634E 

06 

107.5 

0.21361F 

04 

0.331 48F-02 

0.980E-04 

21. 

0.96 

0.0310 

82.4 

0.074 

0.009 

12 

72.30 

0.10069E 

07 

107.5 

0.23233E 

04 

0.374 73E-02 

0.973E-04 

22. 

0.95 

0.0306 

82.5 

0.078 

0.009 

13 

73. 82 

0.10301E 

07 

105.5 

0.24407E 

04 

0.301 46 E-0? 

0.633E-04 

23. 






14 

74.85 

0.10458F 

07 

105.3 

0.24859E 

04 

0.27151E-02 

0.645E-04 

23. 






15 

75.88 

0.10616E 

07 

106.3 

0.25254E 

04 

0. 230 09 E- 02 

0.588E-04 

23. 






16 

76.91 

0.10774E 

07 

106.7 

0.25597E 

04 

0.205 81E-02 

0.544E-04 

23. 






17 

77.95 

0.10932E 

07 

107.0 

0.25906E 

04 

0.18563E-02 

0.518E-04 

23. 






18 

78. 98 

0.11089E 

07 

106.8 

0.26202E 

04 

0.19087E-02 

0.527E-04 

23. 






19 

80.01 

0.11247E 

07 

107.1 

0.26469E 

04 

0.17320E-02 

0.486E-04 

23. 






20 

81.04 

0.11404E 

07 

107.3 

0.26757E 

04 

Q.16699E-02 

0.471E-04 

23. 






21 

82.07 

0.11561E 

07 

107.2 

0.27027E 

04 

0.17556E-02 

3.492E-04 

23. 






22 

83.10 

0.11719E 

07 

107.4 

0.27294E 

04 

0.16330E-02 

0.494E-04 

23. 






23 

84.13 

0.11876E 

07 

107.2 

0.27548E 

04 

0.15810F-02 

0.489E-04 

23. 






24 

85.16 

0.12034E 

07 

107.0 

0.27800E 

04 

0.16201E-02 

0.521E-04 

23. 






25 

86.20 

0.12192E 

07 

105.0 

0.28051E 

04 

0.15663E-02 

0.523E-04 

23. 






26 

87.23 

0.12350E 

07 

105.6 

0.28305E 

04 

0.165.74E-02 

0.525E-04 

23. 






27 

88.26 

0.12507E 

07 

106.8 

0.28568E 

04 

0.169 24F-02 

0.516E-04 

23. 






28 

89.29 

0.12664E 

07 

107.2 

0.28829E 

04 

0. 162 02 E- 02 

0.495E-04 

23. 






29 

90.32 

0.12822E 

07 

106.9 

0.29102E 

04 

0.18451E-02 

0.513E-04 

23. 






30 

91.35 

0.12979E 

07 

107.6 

0.29373E 

04 

0. 159 45 E- 02 

0.500E-04 

23. 






31 

92.38 

0.13137E 

07 

107.4 

0.29631E 

04 

0.16722E-02 

0.499E-04 

23. 






32 

93.41 

0.13295E 

07 

107.3 

0.29887E 

04 

0.15867E-02 

0.496E-04 

23. 






33 

94.45 

0.13453E 

07 

107.1 

0.30142E 

04 

0.16428E-02 

0.494E-04 

23. 






34 

95.48 

0.13610E 

07 

106.6 

0.30403E 

04 

0.16687E-02 

0.493E-04 

23. 






35 

96.51 

0.1376 7E 

07 

106.8 

0.30662E 

04 

0.16303F-02 

0.527E-04 

23. 






36 

97.54 

0.13925E 

07 

106.0 

0.30921F 

04 

0.16584E-02 

0.606E-04 

23. 
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STANTON NUMBER DATA RUN 083073 **■* OISCRET^ HOLP RIO »** NAS-3-14336 


TINF» 82.6 UINF* 31-7 XVO= 6.390 RHO« 0.07240 CP= 0.242 VISC= 0.17081F-03 PR*0.714 

niSTANCE FROK ORIGIN OF BL tq 1ST PLAT6«42.910 P/0. 5 

UNCERTAINTY IN REX»15482. UNCERTAINTY IN F«0. 03212 IN RATIO 


♦♦ M=1.0, HOT RUNi HIGH RE, STEP '^-WALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

R6ENTH 


STANTON NO 

DST 

DREEN 

H 

F 

T» 

TH=T4 

0’’H 

1 

50.30 

0.6798 IE 

06 

109-9 

0.70449E 

02 

(J.-455'04E-02 

0.103E-03 

•> 

• 






2 

52. 30 

0.71077E 

06 

109-8 

0.66866E 

03 

0.41817E-02 

0.995E-04 

16. 

0.91 

0.02 95 

110.2 

1.015 

0.013 

3 

54.30 

0.74174E 

06 

109.7 

0.17421E 

04 

0. 447 84 E- 02 

0.102E-03 

29. 

0.91 

0.0295 

110.8 

1.040 

0.013 

4 

56.30 

0.77270E 

06 

109.7 

0.28354E 

04 

0.43950E-02 

0- 102E-03 

37. 

0.90 

0.0293 

111 .2 

1.058 

0.013 

5 

58.30 

0.30366E 

06 

109.8 

0.39253E 

04 

0.39181E-02 

0.971E-04 

44. 

0.91 

0.0295 

111.3 

1.054 

0.013 

6 

60.30 

0.33463E 

06 

109.8 

0.49632E 

04 

0.334 78E-02 

0.924E-04 

50. 

0.91 

0.0295 

109.0 

0.97? 

0.013 

7 

62.30 

0.86559E 

06 

109.7 

0.59805E 

04 

0.28925E-02 

0.891F-04 

55. 

0.92 

0.0297 

110.7 

1.037 

0.013 

8 

64.30 

0.89656E 

06 

109.7 

0.70240E 

04 

0. 255 73 E- 02 

0.870E-04 

60. 

0.90 

0.0292 

111.5 

1.06 5 

0.014 

9 

66.30 

0.92752E 

06 

109.7 

0.80445E 

04 

0.21980E-02 

0.848E-04 

64. 

0.91 

0.0294 

110.3 

1.021 

0.013 

10 

68.30 

0.95848E 

06 

109.7 

0.90469E 

04 

0.20452E-02 

0.839E-04 

68. 

0.93 

0.03 00 

110.1 

1.015 

0.013 

11 

70.30 

0.9894 5E 

06 

109.7 

0.10013E 

05 

0.17952E-02 

0.827E-04 

72. 

0.91 

0.0295 

108.4 

0.950 

0.013 

12 

72.30 

0.10204E 

07 

109.7 

0.10918E 

05 

0.17191F-02 

0.824E-04 

75. 

0.90 

0.02 92 

107.5 

0.921 

0.013 

13 

73.82 

0.10439E 

07 

108.8 

0.11371E 

05 

0.11869E-02 

0.362E-04 

76. 






14 

74.85 

0.1059SE 

07 

108.7 

0.11390E 

05 

0.11071E-02 

0.427E-04 

76. 






15 

75.88 

0.10758E 

07 

109.3 

0.11406E 

05 

0.92543E-03 

0.416E-04 

76. 






16 

76.91 

0.10919E 

07 

109.5 

0.1 1420E 

05 

0.84840F-03 

3.404E-04 

76. 






17 

77.95 

0.11079E 

07 

109.6 

0.11433E 

05 

0.78265E-03 

0.400E-04 

76. 






18 

78.98 

O.U230E 

07 

109-6 

0.11445E 

05 

0.78392E-03 

0.404E-04 

76. 






19 

80.01 

0.U398E 

07 

109.6 

0.11458F 

05 

0.75751F-03 

0.380E-04 

76. 






20 

81.04 

0.11557E 

07 

109.7 

0.11470E 

05 

0.T4852F-03 

0.373F-04 

76. 






21 

82.07 

0.11717E 

07 

109.7 

0.11482E 

05 

0.76362E-03 

0.387E-04 

76. 






22 

83.10 

0.11876E 

07 

109.7 

0,11494E 

05 

0.74530F-03 

0.406F-04 

76. 






23 

84.13 

0.12036E 

07 

109 .5 

0.U506E 

05 

0.7544BP-03 

0.408E-04 

76. 






24 

85.16 

0.12196E 

07 

109-6 

O.l 1518E 

05 

0.728 85F-03 

0.421E-04 

76. 






25 

86.20 

0.12356E 

07 

108.6 

0.11529E 

05 

0.68232E-03 

0.420E-04 

76. 






26 

87-23 

0-12516E 

07 

108.5 

0.H541E 

05 

0.813 75E-03 

0.430E-04 

76. 






27 

88.26 

0.12675E 

07 

109,4 

0.11553E 

05 

0.75625F-03 

0.417E-04 

76. 






28 

89.29 

0.12834E 

07 

109.6 

0.11566F 

05 

0.76915F-03 

0.408E-04 

75. 






29 

90.32 

0.12994E 

07 

109.3 

0.11579E 

05 

0.9 24 72E-03 

0.413E-04 

75. 






30 

91.35 

0.13153E 

07 

109.7 

0.11593E 

05 

0.82069E-03 

0.423E-04 

76. 






31 

92.38 

0.13313E 

07 

109.7 

0.11606E 

05 

0.812 50E-03 

0.414E-04 

76. 






32 

93.41 

0.13473E 

07 

109.4 

0.11619E 

05 

0.82940E-03 

0.424E-04 

76. 






33 

94.45 

0.13633E 

07 

109.4 

0.11633E 

05 

0.85013E-03 

0.413E-04 

76. 






34 

95.48 

0. 13793E 

07 

109.0 

0.11646F 

05 

0.856 59F-03 

0.408E-04 

76. 






35 

96.51 

0.13952E 

07 

109.0 

0.1 1660E 

05 

0.87666F-03 

0.450E-04 

75. 






36 

97.54 

0.14112E 

07 

108.6 

0.11674F 

05 

0.84975=- 03 

0.481E-04 

75. 
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FOLLOWING IS THE DATA FOR THETA=0 ANO THETA=l, WHICH WAS OBTAINED BY LINEAR SUPERPOSITION THEORY. 
THIS DATA WAS PRODUCED FROM RUN 082973 AND RUN 08 3073 

FOR THE DETAIL CHANGES OF PR.QPERTI=S AND BO'INDAfiV CONDITIONS, PLEASE SEE ths ABOVE two RUNS 


PLATE 

REXCOL 

RE 0EL2 

STI TH=0) 

REXHOT 

RE DEL2 

ST(TH=1) 

eta 

STEP 

F-COL 

sthr 

F-HO" 

PHT-l 

1 

670803.8 

70.8 

0 . 00 46 32 

679809.4 

70.4 

0.004550 

UUUUU 

UUUUU 

0.0000 

JUUUUUU 

0.9000 

MUU"U 

2 

701357.4 

212.9 

0.004670 

710773.2 

662.1 

0.004189 

0.103 

1.089 

0.0306 

1.341 

0.0295 

4.529 

3 

731910.9 

363.0 

0.0051 58 

741737.0 

1711.1 

0.004504 

0.127 

1.347 

0.0309 

1.533 

0.0296 

4.975 

4 

762464.5 

525.9 

0.005505 

772700.8 

2761.2 

0.004456 

0.191 

1.548 

0.0309 

1.580 

0.0293 

5.129 

5 

793018.1 

691.3 

0.005320 

803664.5 

38 02.3 

0.003990 

0.250 

1.581 

0.0306 

1.460 

0.0295 

5.078 

6 

823571.7 

849.0 

0.005009 

834628.3 

4828.5 

0.003301 

0.341 

1.556 

0.0307 

1.240 

0.0295 

4.823 

7 

854125.3 

998.2 

0.004757 

865592.1 

5641.8 

0.002958 

0.378 

1.53? 

0.0309 

1.136 

0.0297 

4.751 

8 

884678.9 

1138.8 

0. 004441 

896555.9 

6841.7 

0.002672 

0.39B 

1.477 

0.0308 

1.046 

0.029? 

4.614 

9 

915232.4 

1271.7 

0.0042 59 

927519.6 

7825.5 

0.002241 

0.474 

1.456 

0.0310 

0.892 

0.0294 

4.422 

10 

945786.1 

1399.6 

0.0041 14 

958483.4 

8812.2 

0.002076 

0.495 

1.441 

0.0314 

0.840 

0.0300 

4.433 

11 

976339.6 

1523.3 

0.003986 

989447.2 

97 92.4 

0.001680 

0.579 

1.427 

0.0310 

0.689 

0.0295 

4.146 

12 

1006893.0 

1644.3 

0.003935 

1020410.0 

10751.9 

0.001529 

0.61 1 

1.437 

0.0306 

0.635 

0.029? 

4.046 

13 

1030114.0 

1729.3 

0. 003155 

1043943.0 

11237.7 

0.001213 

0.616 

1.168 


0.509 



14 

1045849.0 

1776.5 

0. 002839 

1059889.0 

112 56.4 

0.001130 

0.602 

1.061 


0.477 



15 

1061584.0 

1817.8 

0.002407 

1075836.0 

11273.0 

0.000945 

0.607 

0.907 


0.401 



14 

1077395.0 

1853.7 

0.002151 

1091859.0 

11287.4 

0.000866 

0.598 

0.817 


0.369 



17 

1093207.0 

1886.0 

0.001939 

1107883.0 

11300.7 

0.000798 

0.588 

0.743 


0.342 



18 

1108942.0 

1917.0 

0.001995 

1123829.0 

11313.5 

0.000800 

0.599 

0.770 


0.345 



19 

1124677.0 

1946.9 

0. 001807 

1139776.0 

11326.0 

0.000771 

0.573 

0.703 


0.334 



20 

1140412.0 

1974.9 

0.001741 

1155722.0 

11338.3 

0.000762 

0.56 2 

0.682 


0.332 



21 

1156147.0 

2003.0 

0. 001832 

1171669.0 

11350.6 

0.000778 

0.575 

0.722 


0.341 



22 

1171882.0 

2030.9 

0. 001707 

1187615.0 

11362.8 

0.000758 

0.556 

0.678 


0.333 



23 

1187617.0 

2057.3 

0.001645 

1203561.0 

11375.0 

0.000766 

0.534 

0.657 


0.339 



24 

1203429.0 

2083.5 

0.001689 

1219585.0 

11387.0 

0.000742 

0.561 

0.679 


0.329 



25 

1219240.0 

2109.7 

0, 001634 

1235609.0 

11398.5 

0.000695 

0.575 

0.661 


0.310 



26 

1234975.0 

2136.1 

0.001722 

1251555.0 

11410.6 

0.000826 

0.521 

0.701 


,0.370 



27 

1250710.0 

2163.6 

0.001765 

1257501.0 

11423.4 

0.000770 

0.564 

0.722 


0.346 



28 

1266445.0 

2190.8 

0.001686 

12 83448.0 

11435.7 

0.000781 

0.537 

0.694 


0.353 



29 

1282181.0 

2219.2 

0.001916 

1299394.0 

11449.5 

0.000936 

0.510 

0.793 


0.425 



30 

1297916.0 

2247.3 

0.001654 

1315340.0 

11'4‘6Y.6 

0.000832 

0.49 7 

0.688 


0.378 



31 

1313651.0 

2274.0 

0.001738 

13312B7.0 

11476.8 

0,000825 

0.526 

0.727 


0.377 



32 

1329462.0 

2300.7 

0.001545 

1347310.0 

11490.1 

0.000840 

0.489 

0.692 


0.385 



33 

1345274.0 

2327.0 

0.001704 

1353334.0 

11503.7 

0.000861 

0.494 

0.720 


0.396 



34 

1361009.0 

2354.1 

0.001731 

1379280.0 

11517.5 

0.000868 

0.498 

0.735 


0.401 



35 

1376744.0 

2381.0 

0.001688 

1395227.0 

11531.5 

0.000887 

0.474 

0.720 


0.411 



36 

1392479.0 

2407.9 

0.001721 

1411173.0 

11545.5 

0.000861 

0.499 

0.738 


0.401 
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«*• VELOCITV PROFILE AT U 1NF> lOOFT/SECt N-0 


DISCRETE HOLE RIG *•* NAS~3-14336 
VELOCITY PROFILE 

UINF>11S.A FT/SEC X> S3.0 INCHES PORT- 19 
TINF- 79.2 DEG F PINF- 2104. PSF 


YIINCHESI 

UIFT/SECI 

Y+ 


UBAR 

00 

0.010 

62.46 

22.5 

13. 70 

0.5412 

0.07 

0.011 

61 .38 

24.7 

13.90 

,p.5491 

0.07 

0.012 

63.74 

27.0 

13.98 

0.5523 

0.07 

0.014 

64.77 

31.5 

14.21 

0.5612 

0.07 

0.016 

65.85 

36.0 

14.44 

0.5706 

0. 07 

0.018 

66.56 

40.5 

14. 60 

0.5767 

0.07 

0.021 

67.84 

47.2 

14.88 

0.5878 

0.07 

0.024 

68.77 

53.9 

15.08 

0.5959 

0.07 

0.027 

69.62 

60.7 

15.27 

0.6033 

0.07 

0.031 

71.05 

69.7 

15.59 

0.6157 

0.06 

0.035 

72.03 

78.7 

15.80 

0.6241 

0.06 

0.040 

72.87 

89.9 

15.98 

0.6314 

0.06 

0.045 

71.95 

101.1 

16.22 

0.6407 

0.06 

0.052 

75.12 

116.9 

16.48 

0.6509 

0.06 

0.060 

76.56 

134.8 

16.79 

0.6634 

0.06 

0.070 

78.04 

197.3 

17. 12 

0.6762 

0.06 

0.010 

79.27 

179.8 

17.39 

0.6868 

0.06 

0.090 

80.51 

202.3 

17.66 

0.6976 

0.06 

0.105 

82.23 

236.0 

18.04 

0.7125 

0.06 

0.120 

88.56 

269.7 

18. 33 

0.7240 

0.06 

0.135 

85.01 

303.4 

18.65 

0.7366 

0.05 

0.155 

86.82 

348.3 

19.05 

0.7523 

0.05 

0.175 

88.08 

393.3 

19. 32 

0.7632 

0.05 

0.200 

89.70 

449.5 

19.68 

0.7773 

0. 05 

0.230 

91.68 

516.9 

20.11 

0.7944 

0.05 

0.260 

93.50 

584.3 

20. 51 

0.8102 

0.05 

0.290 

95.28 

651.7 

20.90 

0.8256 

0. 05 

0.320 

96.63 

719.2 

21.20 

0.8373 

0.05 

0.360 

98.60 

809.1 

21.63 

0.8544 

0. 05 

0.395 

100.26 

887.7 

21.99 

0.8688 

0.05 

0.435 

102.23 

977.6 

22.43 

0.8858 

O 

• 

o 

0.485 

104.22 

1090.0 

22.86 

0.9030 

0.04 

0.535 

106.00 

1202.3 

23.25 

0.9185 

0.04 

0.585 

108.08 

1314.7 

23.71 

0.9365 

0.04 

0.635 

109.47 

1427.1 

24.01 

0.9485 

0.04 

0.685 

110.94 

1539.4 

24.33 

0.9613 

0.04 

0.735 

112.32 

1651.8 

24.64 

0.9732 

0.04 

0.785 

111.02 

1764.2 

24. 79 

0.9793 

0.04 

0.835 

113.95 

1876.5 

25.00 

0.9874 

0.04 

0.885 

114.77 

1988.9 

25. IS 

0.9944 

0.04 

0.935 

115.10 

2101.3 

25.25 

0.9973 

0.04 

0.985 

115.36 

2213.7 

25.30 

0.9995 

0.04 

1.035 

115.41 

2326.0 

25. 32 

1.0000 

0.04 

0.28179E 07 

RE02- 5347. 

XVO- 

3.47 IN. 




OELl- 0.121 IN. DEL2- 0.094IN. H- 1.29 
CF2- 0.1S603E-02 DXVO- 0.76 OOELl-0.002 


OOEL2-0.OO1 


DCF/2-0, 


$$$$;?$$ S$$3SSS3SS3S3S!SSSSS$S!SS!$ 
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ST4NT0N NUMBER DATA 

RUN 

09 1372- 

2 ■*** DISCRETE 

: HOLE RIG 

' NAS- 3-14336 







TINF= 

30.0 

UINF=: 

L16. 

1 xvc 

« 0.830 

RHO= 0.07275 

CP= 0.242 

Vise* 0.! 

169 20E-0 

3 

PR*0.715 

DISTANCE FPCM ORIGIN 

OF 

BL TO ISI 

' RLATE=46 

1.470 


P/D« 5 

TADIAB* 

81.0 




LNCERTAINTY IN REX= 

=57159. 











** 

'0.0, FLAT PLATE 

RUN 

, HIGH RE 

STEP T- 

HALL 

AT 1ST PLATE. 








PL ATE 

X 

PE X 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

THEfA 

DFH 

1 

50. 30 

0. 28277E 

07 

102.7 

0118490E 

03 

0.32348E-02 

0.444E-04 

3. 






2 

52.30 

0.29420E 

07 

102.8 

C*52002E 

03 

0.26283E-02 

0.391E-04 

4. 

0.00 

0.0000 

10 2.8 

1.000 

0.015 

3 

54.30 

0.30563E 

07 

102.9 

0181253E 

03 

0.24889E-02 

0.378E-04 

6. 

0.00 

0.0000 

102.9 

1.000 

0.015 

4 

56.30 

0.31706E 

07 

102.9 

0110900E 

04 

0.2366QE-02 

0.368E-04 

6. 

0.00 

0.0000 

102.9 

1.000 

0.015 

c 

58.30 

0.32 849E 

07 

102.8 

0113561E 

04 

0.22882E-02 

0.364E-04 

7. 

0.00 

0.0000 

102.8 

1.000 

0.016 

6 

60.30 

0. 33993E 

07 

102.9 

0116145E 

04 

0.22335E-02 

0.359E-04 

8. 

0.00 

0.0000 

102.9 

1.000 

0.015 

7 

62.30 

0.35136E 

07 

102.8 

0118668E 

04 

0-2180 5E-02 

0.356E-04 

8 . 

0.00 

0.0000 

102.8 

1.000 

0.015 

e 

64.30 

0.36279E 

07 

102.9 

0121128E 

04 

0.21239E-02 

0.351E-04 

9. 

0.00 

0.0000 

102.9 

1.000 

0.015 

9 

66.30 

0.37422E 

07 

102.9 

C*23534E 

04 

0.2C838E-02 

0.348E-04 

9. 

0.00 

0.0000 

102.9 

1.000 

0.015 

1C 

68.30 

0.38565E 

07 

102.8 

C125901E 

04 

0.20577E-02 

0.347E-04 

10. 

0.00 

0.0000 

102.8 

1.000 

0.016 

11 

70.30 

0.39709E 

07 

102.8 

0i28239E 

04 

0-2032 8E-02 

0.346E-04 

10. 

0.00 

0.0000 

102.8 

1.000 

0.016 

12 

72.30 

0.40852E 

07 

103.0 

0130526E 

04 

0.196 84E-02 

0.337E-04 

11. 

0.00 

0.0000 

103.0 

1.000 

0.015 

13 

73.82 

0.4172 IE 

07 

102.8 

0i32249E 

04 

0.2C276E-02 

0.322E-04 

11. 






14 

74.85 

0.42309E 

07 

102.4 

0*33422E 

04 

0. 19541 E-02 

0.321E-04 

11. 






15 

75.88 

0.42898E 

07 

103.3 

0J34574E 

04 

0-19542E-02 

0.320 E-04 

11 . 






16 

76.91 

0.43490E 

07 

103-3 

0i35714E 

04 

0- 1914<9E-02 

0.311E-04 

11. 






17 

77.95 

0.44081E 

07 

103.4 

0*36 83 7E 

04 

0.189295-02 

0.309E-04 

11. 






18 

78.93 

0.44670E 

07 

103.2 

Oi37968E 

04 

0-19458E-02 

0. 317E-04 

11 . 






19 

80.01 

0.45259E 

07 

103.3 

0*39099E 

04 

0-16904E-02 

0.3 06 E-04 

11. 






20 

81 .04 

0.45847E 

07 

103.5 

0J40199E 

04 

0- 18422E-02 

0.299E-04 

12. 






21 

82.07 

0.46436E 

07 

103.2 

0141305E 

04 

0.19103E-02 

0.310E-04 

12. 






22 

83. 10 

0.47025E 

07 

103.5 

C*42412E 

04 

0.1E494E-02 

0.304E-04 

12. 






23 

64.13 

0.47614E 

07 

103.1 

0.43483E 

04 

0.17825E-02 

0.296F-04 

12. 






24 

65. 16 

0.48205E 

07 

103.1 

01445 5 3E 

04 

0.16479E-02 

0.3 14 E-04 

12. 






25 

66.20 

0.48797E 

07 

100-8 

0145584E 

04 

0 .16504E-02 

C.296E-04 

12. 






26 

67.23 

0.49386E 

07 

101.2 

0146607E 

04 

0.18201E-02 

0.318E-04 

12. 






27 

88.26 

0.49974E 

07 

102.9 

0*47698E 

04 

0-1E316E-02 

0.316F-04 

12. 






2E 

89.29 

0.50563E 

07 

103.5 

0*48791E 

04 

9.J8,2 85F-02 

0.303E-04 

12. 






29 

90.32 

0.51152E 

07 

102.8 

0149898E 

04 

0.192‘4'£E-02 

0.314E-04 

12. 






30 

51.35 

0.51741E 

07 

104.0 

0*50996F 

04 

0.18034E-02 

0.298 E-04 

12. 






31 

92.38 

0.52329E 

07 

103.8 

0*52053E 

04 

0.17837E-02 

0.293E-04 

13. 






32 

93.41 

0.52921E 

07 

103.4 

0.53081E 

04 

0.17020E-02 

0.285F-04 

13- 






33 

94.45 

0.53512E 

07 

103.2 

C154094E 

04 

0.17372E-02 

0.291E-04 

13. 






34 

95.48 

0.54101E 

07 

102.3 

0*55113E 

04 

0.17187E-C2 

0.290E-04 

13. 






35 

96.51 

0.54690E 

07 

103.0 

C156135E 

04 

0.17489E-02 

0.300 E-04 

13. 






36 

97.54 

0.55279E 

07 

102.7 

0*57158E 

04 

0.17210E- 02 

0.313E-04 

13. 







STANTCN NUMBER DATA R.UN C91273 *** CISCPETE RCIE RIC NAS-3-14336 

TINF= 78.3 UINF=U0.4 XVC= 0.830 RFO= 0.07270 CP= 0.242 VISC= 0.16907E-03 PR»0.715 

DISTANCE PROM ORIGIN OF BL TC 1ST FLATE=48.470 P/D= 5 TADIAB= 79.7 

UNCERTAINTY IN REX=54423. UNCERTAINTY IN F=0.C3O01 IN RATIO 

** R = 0.2, COLD RUN, HI.GH RE, STEP T-WALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

REE NTH 


STANTCN ND 

DST 

DREEN 

M 

F 

T2 

THETA 

DTH 

1 

50.30 

0.26923E 

07 

99.9 

0*17478E 

03 

0.32114E-02 

0.4866-04 

3 . 






2 

52.30 

0. 280118 

07 

99.9 

0i54803E 

03 

0.285016-02 

0.4526-04 

7. 

0. 21 

0.0069 

81.2 

0.115 

0.012 

3 

54.30 

0.29100E 

07 

100 -0 

C.94960E 

03 

0.29780E-02 

0.4626-04 

10. 

0.21 

0.0068 

81.1 

0.111 

0.012 

4 

56.30 

0.30188E 

07 

99.9 

0.13524E 

04 

0.289306-02 

0.4556-04 

12. 

0.20 

0.0065 

81.3 

0.119 

0.012 

5 

58.30 

0.31277E 

07 

99.9 

0il7471E 

04 

0.281C6E-02 

0.448E-04 

14. 

0.21 

0.0067 

81.2 

0.115 

0.012 

6 

60. 30 

0.32365E 

07 

99.9 

0121290E 

04 

0. 270336-02 

0.4406-04 

16. 

0.21 

0.0067 

81.1 

0.108 

0.012 

7 

62.30 

0.33454E 

07 

99.8 

Ci25059E 

04 

0.264026-02 

0.4356-04 

18. 

0.21 

0.0067 

81.5 

0.128 

0.012 

8 

64.30 

0 . 345426 

07 

99.8 

0.28833E 

04 

0.255126-02 

0.4286-04 

19. 

0.21 

0. 0068 

81.5 

0.132 

0.012 

9 

66.30 

J.35631E 

07 

99.9 

0432539E 

04 

0.252536- 02 

0.4246-04 

21. 

0.21 

0.0067 

81.4 

0,126 

0.012 

10 

68.30 

0.36719E 

07 

99.9 

01362046 

04 

0.2515 16-02 

0.423E-04 

22. 

0.21 

0.0069 

81.4 

0.124 

0.012 

11 

70.30 

0.37808c 

07 

100.0 

01398226 

04 

0.248156-02 

0.4196-04 

23. 

0.21 

0.0067 

81,3 

0.119 

0.012 

12 

72.30 

0.38896E 

07 

100.0 

0143363E 

04 

0.239486-02 

0.4UE-04 

24. 

0.21 

0.0067 

81.4 

0.125 

0.012 

13 

73.82 

C.39723E 

07 

10 1.1 

0145 809E 

04 

0.245536-02 

0.3926-04 

25. 






14 

74.85 

0.402846 

07 

101.4 

01471126 

04 

0.219446-02 

0.3566-04 

25. 






15 

75. 88 

0.4C844E 

07 

103.0 

0148315E 

04 

0.208836-02 

0.3356-04 

25. 






16 

76.91 

0.41408E 

07 

103.1 

01494546 

04 

0.197036-02 

0.3146-04 

25. 






17 

77.95 

0.419.71E 

07 

103.4 

0150543F 

04 

C. 190986-02 

0.3056-04 

25. 






18 

78.98 

0.42531E 

07 

103.4 

0*516136 

04 

0.190476-02 

0. 3046-04 

25. 






19 

60.01 

0.43092E 

07 

103.4 

0152670E 

04 

0.186046-02 

0.2956-04 

25. 






20 

61.04 

0.43653E 

07 

103.6 

0153699E 

04 

0.180846-02 

0.2876-04 

25. 






21 

82.07 

0.44213E 

07 

103.4 

01547286 

04 

0.185896-02 

0.2956-04 

25. 






22 

83.10 

0.44774E 

07 

103.7 

0155758E 

04 

0.180846-02 

0.2916-04 

25. 






23 

84.13 

0.45334E 

07 

103.4 

0.567446 

04 

0.170586-02 

0.2786-04 

25. 






24 

£5.16 

0.45898E 

07 

103.3 

0*577266 

04 

0.179546-02 

0.30 I 6-04 

25. 






25 

86.20 

0.46461E 

07 

100.6 

01586836 

04 

0.161276-02 

0.2856-04 

25. 






26 

£7.23 

0.47 C21E 

07 

101.2 

0.59636E 

04 

0.178476-02 

0.305 6-04 

25. 






27 

88.26 

0.47582E 

07 

103.1 

01606536 

04 

0.164006-02 

0.3036-04 

25. 






28 

89.29 

0.48142E 

07 

103.7 

0 *616706 

04 

0.178 516-02 

0.2906-04 

25. 






29 

90.32 

0.48703E 

07 

103.0 

01627006 

04 

0. 188536-02 

0.300 6-04 

25. 






30 

91.35 

0.49264E 

07 

104.2 

0163725E 

04 

0. 1766*6-02 

0.2866-04 

25. 






31 

92.38 

0.49824E 

07 

104.1 

C 1647146 

04 

0.175636-02 

0.2826-04 

25. 






32 

93.41 

0.503876 

07 

103.5 

0165*796 

04 

0.1*8586-02 

0.2766-04 

26. 






33 

94.45 

0.509516 

07 

103.4 

01666326 

04 

0.170736-02 

0.2806-04 

26. 






34 

95.48 

0.51511E 

07 

102.4 

01675886 

04 

0.170016-02 

0.2796-04 

26. 






35 

96.51 

C.52&72E 

07 

103.1 

0*685506 

04 

0,1727-86-02 

0.2906-04 

26. 






36 

97.54 

0.5 263 2E 

07 

102.7 

01695186 

04 

0.172226-02 

0.3106-04 

26. 
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ST4NTCN ^U«BER DATA RUN 091373-1 *** DISCRETE HOLE RIG *** NAS- 3-14336 

TINF= 82.7 UINF=110.1 XVC= 0.B30 RHO= 0.07221 CP= 0.242 VI SC= 0.17095E-03 PR*0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST ELATE=48.470 P/D= 5 TAOIAB* 83.6 

UNCERTAINTY IN REX=536tl. UNCERTAINTY IN F=fl.C30C2 IN RATIO 


♦* M=0.2, HOT RUN, HIGH RE, STEP T-HALL AT 1ST PLATE. 


PLATE X 

PE X 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

THETA 

DTH 

1 

50.30 

0.26546E 

07 

105.8 

0il7124E 

03 

0.31910E-02 

0.444E-04 

3. 






2 

52.30 

0.27619E 

07 

105.8 

0181066E 

03 

0.23607E-02 

0.3766-04 

12. 

0.21 

0.0070 

103. 8 

0.914 

0.015 

3 

54. 30 

0.28693E 

07 

105.8 

0117465E 

04 

0.22171E-02 

0.365E-04 

21. 

0.21 

0.0069 

104.4 

0.936 

0.015 

4 

56.30 

0.29766E 

07 

105.8 

0426502E 

04 

0.20457E-02 

0.354E-04 

27. 

0.20 

0.0065 

104.4 

0.939 

0.015 

5 

58.30 

0.30 83 9E 

07 

105.7 

0135328E 

04 

0.191006-02 

0.346 6-04 

32. 

0.21 

0.0068 

104.5 

0.946 

0.015 

6 

60. 30 

0.31912E 

07 

105.9 

Q.44058E 

04 

0.18201E-02 

0.338F.-04 

36. 

0.21 

0.0069 

103.3 

0.888 

0.014 

7 

62.30 

0.329E5E 

07 

105.8 

0*52736£ 

04 

0. 172406-02 

0.3336-04 

39. 

0.21 

0.0068 

104.7 

0.953 

0.015 

8 

64.30 

0.34059E 

07 

105.8 

0161558E 

04 

0.16132E-02 

0.3266-04 

43. 

0.21 

0.0067 

105.5 

0.987 

0.015 

9 

66.30 

0.35132E 

07 

105.8 

C170078E 

04 

0.156276-02 

0.323E-04 

46. 

0.20 

0.0066 

104.1 

0.927 

0.015 

10 

68.30 

0.36205E 

07 

105.8 

0178357E 

04 

0.153646-02 

0.321E-04 

49. 

0.21 

0.0069 

103.5 

0.900 

0.015 

11 

70.30 

0.372;78E 

07 

105.7 

0186453E 

04 

0.15044E-02 

0.3216-04 

51. 

0.21 

0.0068 

102.3 

0.85 0 

0.014 

12 

72.30 

0.38352E 

07 

106.0 

0;94203E 

04 

0.14561E-02 

0.315E-04 

54. 

0.21 

0.0067 

102.3 

0.842 

0.014 

13 

73.82 

0.39167E 

07 

105.6 

0i98A66E 

04 

0.16050E-02 

0.263E-04 

55. 






14 

74.85 

0.39720E 

07 

105.4 

0199327E 

04 

0.150806-02 

0.2636-04 

55. 






15 

75.88 

0.40273E 

07 

106.2 

OU0015E 

05 

0.14812E-02 

0.259E-C4 

55. 






16 

76.91 

0.4082 8E 

07 

106.2 

0il0C97E 

05 

0.14615E-02 

0.253E-04 

55. 






17 

77.95 

0.41383E 

07 

106.4 

0U0177E 

05 

0.14338E-02 

0.2506-04 

55. 






IE 

78.98 

0.41936E 

07 

106.3 

0il0257E 

05 

0.14526E-C2 

0.253E-04 

55. 






19 

80.01 

0.42489E 

07 

,106.2 

0U0337E 

05 

0.14456E-02 

0.2486-04 

55. 






20 

81.04 

0.43042E 

07 

106.3 

OU0416E 

05 

0.141476-02 

0.243E-04 

55. 






21 

82.07 

0.43594E 

07 

106.2 

0J10495E 

05 

0. 14521E-02 

C.250E-04 

55. 






22 

63.10 

0.44 14 7E 

07 

106.3 

Oa0575E 

05 

0.143716-02 

0.252E-04 

55. 






23 

84.13 

0. 447X3 OE 

07 

106.2 

0U0653E 

05 

0.13690E-02 

0.244E-04 

55. 






24 

£5. 16 

0.45 25 5E 

07 

106.2 

0110730E 

05 

0.14245E-02 

0.259E-04 

55. 






25 

86.20 

0.45810E 

07 

104.2 

01108C6E 

05 

0.12964E-02 

0.248E-04 

55. 






26 

87.23 

0.46363E 

07 

104.4 

0U0880E 

05 

0.13850E-02 

0.2586-04 

55. 






27 

88.26 

0.46916E 

07 

105.8 

Cil0959E 

05 

0.14822E-02 

0.265E-04 

55. 






28 

89.29 

0.47469E 

07 

106.3 

0411040E 

05 

0.14529E-02 

0.256E-04 

55. 






29 

90.32 

0.4B021E 

07 

105.7 

0ail23E 

05 

0.15436E-02 

0.266E-04 

55. 






30 

91.35 

0.48574E 

07 

106.5 

0*11207E 

05 

0. 14742E-02 

0.260E-04 

55. 






31 

92.38 

0.49127E 

07 

106.4 

Oai287E 

05 

0.14451E-02 

0.254E-04 

55. 






32 

93.41 

0.49682E 

07 

105.9 

0ai367E 

05 

0.14202E-02 

0.2546-04 

55. 






33 

94.45 

0.50237E 

07 

105.9 

0ill445E 

05 

0.14256E-02 

0.254E-04 

55. 






34 

95.48 

C.50790E 

07 

105.1 

Q111524E 

05 

0.14219E-02 

0.254E-04 

55. 






35 

96.51 

0.51343E 

07 

105.6 

0111604E 

05 

0.14492E-02 

0.266E-04 

55. 






36 

97.54 

0. 51896? 

07 

105. 2 

Cm684E 

05 

0.14445E-02 

0.282E-04 

55. 
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA=1, WHICH WA« OBTAINED EY LINEAR SUPERPOSITION THEORY. 
THIS DATA WAS PRODUCED FRCM RUN 092273 AND RUN 091373-1 , 

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CCNCITIONS, PLEASE SEE THE ABOVE TWO RUNS 


PLATE 

REXCOL 

RE oa2 

ST(TH=0> 

REXHOT 

R E CEL2 

ST(TH=1) 

ETA 

STCR 

F-COL 

STHR 

= -HOT 

PHI-1 

1 

2692300.0 

174.8 

0.003211 

26546 12.0 

171.2 

C. 003 191 

ULUUU 

UUUUU 

0.0000 

UUUUUUU 

0.3300 

UJJJJ 

2 

2801146.0 

5 08 .5 

0.002920 

2761934.0 

840.1 

0.00 2 30 a 

0.210 

0.876 

0.0069 

0.958 

0.0070 

2.078 

3 

2909992.0 

835.1 

0. CC308Q 

2869256-0 

1826. 1 

0.00215B 

0i299 

1.035 

0.0068 

0.951 

0.3069 

2.126 

A 

3C18638. 0 

1166 .8 

0.003016 

2976578.0 

2768.2 

0.001983 

01342 

1.091 

0.0065 

0.910 

0.0065 

2.049 

5 

3127684.0 

1490.7 

0. 002935 

3C83900.0 

3685.1 

0.001851 

01369 

1.122 

0.0067 

0.877 

0.0068 

2.086 

6 

3236529. 0 

1804.2 

0.002826 

3191222.0 

4609.3 

0.001693 

0.401 

1.130 

0.0067 

0.823 

0.3069 

2.064 

7 

3345375. 0 

2 109 . 4 

0.0027E2 

3298545.0 

5526.3 

0.001672 

0.399 

1.154 

0.0067 

0.830 

0. 0068 

2.085 

8 

3454221. 0 

2407 .5 

0.002695 

3405867.0 

6426.7 

0.001599 

0.407 

1.153 

0.0068 

0.809 

0.0067 

2.057 

9 

3563067.0 

2699.8 

0.002676 

3513189.0 

7303-6 

0.001475 

01449 

1.177 

0.0067 

0.759 

0.0066 

1.995 

10 

3671913. 0 

2990.9 

0.002672 

3620511.0 

8182.9 

0.001410 

0.472 

1.204 

0. 0069 

0.737 

0.0069 

2.035 

11 

3783758. 0 

3280.0 

0.002641 

3727833.0 

9067.2 

0.001304 

01506 

1.216 

0.0067 

0.691 

0. 0063 

1.979 

12 

3889604.0 

3562.9 

0.002558 

3835155.0 

9932.5 

0.001249 

0.512 

1.2 02 

0. 0067 

0.670 

0.0067 

1.947 

13 

3972327.0 

3774.7 

0.002583 

3916720.0 

10402.2 

0.001516 

0.413 

1.231 


0.821 



14 

4028383.0 

3911.6 

0.C02298 

3971991.0 

104E3.9 

0.001436 

0.375 

1.105 


0.782 



15 

4084438.0 

4037.3 

0.002180 

4027262.0 

1C562.9 

0.001418 

0i350 

1.057 


0.777 



16 

4140765.0 

4155.9 

0. CQ2047 

4082800.0 

1C641.C 

0.001408 

0.312 

1.001 


0.776 



17 

4197093.0 

4268.9 

0.001982 

4138340.0 

10718.3 

0.001383 

0.302 

0.977 


0.766 



13 

4253149.0 

4379.9 

0.001973 

4193611.0 

1C795.4 

0.001405 

0.288 

0.980 


0.782 



19 

4309204.0 

4489.2 

0.001923 

4248881.0 

10873.1 

0.001402 

0.271 

0.962 


0.784 



20 

4365260.0 

4595.6 

0.001868 

4304152.0 

10949.9 

0.001373 

01265 

0.941 


0.772 



21 

4421316.0 

4701 .9 

0.001920 

4359424.0 

11026.9 

0.001409 

01266 

0.975 


0.796 



22 

4477372.0 

4808.1 

0.C01E64 

4414695.0 

11104.6 

0.001398 

0.250 

0.953 


0.793 



23 

4533427.0 

4909.7 

0-001757 

4469966.0 

11180.2 

0.001334 

0.241 

0.903 


0.760 



24 

4589754.0 

5010.9 

0.001851 

4525504.0 

11255.4 

0.001386 

0.252 

0.958 


0. 793 



25 

4646 082.0 

5109.5 

0. C01660 

4581043.0 

1132 8.7 

0. 001263 

01239 

0.865 


0.726 



26 

4702138.0 

5 207 . 6 

0.001845 

4636314.0 

11400.8 

0.001343 

0*272 

0.966 


0.776 



27 

4758193.0 

5312.8 

0. C01894 

4691585.0 

11477.9 

0.001445 

01237 

0.998 


0.838 



28 

4814249.0 

5417.4 

0.001835 

4746856.0 

11557.1 

0.001418 

0.227 

0.972 


0.826 



29 

4870305.0 

5523.3 

0.001937 

4802128.0 

11638.1 

0.001508 

01221 

1.032 


0.B81 



30 

4926360.0 

5628.4 

0.001811 

4857398.0 

11719.8 

0.001444 

01203 

0.970 


0.847 



31 

4982416.0 

5729.8 

0. C01803 

4912669.0 

11798.8 

0.001412 

01217 

0.971 


0.832 



32 

5038743.0 

5828.9 

0-001726 

4968208.0 

11876.4 

0.001392 

0*193 

0.934 


0.823 



33 

5095071. 0 

5926.4 

0.0017 50 

5023747.0 

11953.5 

0.001396 

0.202 

0.952 


0.828 



34 

5151127.0 

6024.4 

0. 001742 

5079018.0 

12030.7 

0. 001393 

0.201 

0.952 


0.829 



35 

52C7182.0 

6122.9 

O.C01770 

5134289.0 

12108.5 

0.001420 

01198 

0.972 


0.848 



36 

5263238.0 

6222.1 

0.001764 

5189560.0 

12187.0 

0.001415 

0*198 

0j973 


0.848 





100BT4 FOLLOMING FROFILES ARE FOR HEATED STARTING RUN 


DISCRETE HOLE RIG ••• NAS- 3- 14336 
VELOCITY PROFILE 

UINF« 54.4 FT/SEC X> 50.3 INCHES PORT- 19 
TINF- 74.9 DEG F PIW- 2118. PSF 


VUNCHESI 

UIFT/SECI 

V* 

U* 

U8AR 

DU 

TENPERATURE 

PROFI LE 








VUNCHESI 

TIDEG Fi 

78AR 

0.010 

28.58 

11.3 

10.52 

0.4336 

0. 19 




0.011 

24.20 

12.4 

10.80 

0.4448 

0.19 




0.012 

241.89 

13.5 

11. 11 

0.4576 

0. 18 

0.0065 

98.07 

0.7131 

0.013 

25.46 

14.7 

11.36 

0.4681 

0.18 

0.0075 

92.22 

0.6804 

0.014 

26.16 

15.8 

11.68 

0.4810 

0.17 

0.0085 

91.06 

0.6352 

0.015 

26 .68 

16.9 

11.91 

0.4905 

0.17 

0.0095 

90.15 

0.6001 

0.016 

27.16 

18.0 

12.12 

0.4993 

0.17 

0.0105 

89.34 

0.5685 

0.018 

28.06 

20.3 

12.52 

0.5160 

0. 16 

0.0115 

88.64 

0.5413 

0.020 

29.01 

22.6 

12.94 

0.5333 

0.16 

0.0135 

87.58 

0.5005 

0.023 

29.80 

25.9 

13.30 

0.5479 

0.15 

0.0155 

86.77 

0.4688 

0.027 

38.87 

30.5 

13.78 

0.5675 

0.15 

0.0175 

86.06 

0.4416 

0.031 

31.44 

35.0 

14.03 

0.5781 

0. 14 

0.0205 

85.27 

0.4110 

0.037 

32.39 

41.7 

14.45 

0.5955 

0.14 

0.0235 

84.69 

0.3883 

0.044 

33.20 

49.6 

14.82 

0.6105 

0. 14 

0.0275 

84.16 

0.3679 

0.051 

33.72 

57.5 

15.05 

0.6200 

0.13 

0.0325 

88.66 

0.3485 

0.059 

34.39 

66.5 

15.35 

0.6322 

0.13 

0.0395 

83.08 

0.3258 

0.067 

35.02 

75.6 

15.63 

0.6439 

0.13 

0.0495 

82.43 

0.3008 

0.076 

35.59 

85.7 

15.88 

0.6543 

0.13 

0.0645 

81.79 

0.2758 

0.086 

36.15 

97.0 

16.13 

0.6646 

0.13 

0.0845 

8i.ll 

0.2497 

0.096 

36.77 

108.3 

16.41 

0.6760 

0.12 

0.1095 

80.44 

0.2235 

0.111 

37.45 

125.2 

16.71 

0.6885 

0.12 

0.1445 

79.73 

0.1962 

0.131 

38.30 

147.8 

17.09 

0.7041 

0. 12 

0.1945 

78.91 

0.1643 

0.156 

39.33 

175.9 

17.55 

0.7230 

0.12 

0.2545 

78.09 

0.1324 

0.186 

40.43 

209.8 

18.04 

0.7434 

0.11 

0.3295 

77.26 

0.1004 

0.221 

41.55 

249.3 

18.54 

0.7639 

0.11 

0.4045 

78.59 

0.0742 

0.261 

42.88 

294.4 

19.14 

0.7884 

0.11 

0.4795 

76.03 

0.0525 

0.311 

44.12 

350.8 

19.69 

0.8112 

0. 10 

0.5545 

75.61 

0.0365 

0.361 

45.48 

407.2 

20.30 

0.8362 

0. 10 

0.6295 

75.29 

0.0240 

0.411 

>^6.68 

463.6 

20.83 

0.8582 

0.10 

0.6795 

75.11 

0.0171 

0.461 

47.96 

519.9 

21.40 

0.8817 

0.09 

0.7295 

74.97 

0.0114 

0.511 

48r.92 

576.3 

21.83 

0.8995 

0.09 

0.7795 

74.88 

0.0080 

0.561 

49.83 

632.7 

22.24 

0.9162 

0.09 

0.8295 

74.82 

0.0057 

0.611 

50.83 

689.1 

22.68 

0.9345 

0.09 

0.8795 

74.73 

0.0023 

0.661 

51.67 

745.5 

23.06 

0.9499 

0.09 

0.9295 

76.67 

0.0000 

0.711 

52.37 

801.9 

23.37 

0.9628 

0.09 




0.761 

52.98 

858.3 

23.64 

0.9740 

0.09 



TO-100.47 F 

0.811 

53.50 

914.7 

23.88 

0.9836 

0.08 

END2- 0.068IN. REEN- 1820. 

0.861 

53.87 

971.1 

24.04 

0.9904 

0.08 

DEN02-0.001 OREEN- 

25. 


0.911 

54.12 

1027.5 

24.15 

0.9950 

0.08 




0.961 

54.33 

1083.9 

24.25 

0.9989 

0.08 




1.011 

54.39 

1140.3 

24.27 

1.0000 

0.08 




0.12471E 07 

RED2- 2786. 

XVO- 

4.75 IN. 







DELI- 0.136 IN. 0EL2> 0.102 IN. H« U13 

CF2- 0.16972E-02 OXVO- 0.68 DOELl-0.002 00EL2-0.001 OCF/2-0.100 IN RATIO 
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STANTON NUMBPP DATA 

RUN 

100873 

'<«'■ DISCRETE 

HOLE PIG *** 

NAS-3-14336 






TINF* 

74.5 

UINF= 

53. 

2 XVO 

1= 4.750 

RHO= 0.07355 

CP- 0.242 

Vise 

= 0.16598E-03 

PR-0.717 

DISTANCE FROM ORIOIN 

OF 

BL TO 1ST 

PLATE-44 

(.550 


P/D- 5 







UNCERTAINTY IN REX= 

=26701. 











»* M« 

0.0, FLAT PLATE 

RUN 

, HIGH RE 

STEP T- 

■WALL 

AT 24 IN UPSREAH OF IS’' 

PLATE 






PL ATE 

X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DOEFN 

M 

F 

T2 

THETA 

X 

1 

r 

1 

50.30 

0.12162E 

07 

100.5 

0.18157E 

04 

0.24234E-02 

0.541E-04 

80. 






a 

52.30 

0.12697E 

07 

100.4 

0.19431E 

04 

0.23464E-02 

0.539E-04 

80. 

0.00 

0.0000 

100.4 

1.000 

0.014 

3 

54.30 

0.1323^18 

07 

100.4 

0.20681E 

04 

0.23355E-02 

0.53BE-04 

80. 

0.00 

0.0000 

100.4 

l.OOO 

0.014 

4 

56.30 

0.13765E 

07 

100.3 

0.21916E 

04 

0.22918E-02 

0.537E-04 

80. 

0.00 

0.00 00 

100.3 

1.000 

0.014 

5 

58.30 

0.14299E 

07 

100.2 

0.23128E 

04 

0.224 79E-02 

0 .537C-04 

80. 

0.00 

0.0000 

100.2 

l.OOO 

0.014 

6 

60.30 

0.14833E 

07 

100.3 

0.24327E 

04 

0.22414E-02 

0.536F-O4 

80. 

0.00 

0.0000 

100.3 

l.OOO 

0.014 

7 

62.30 

0.15367E 

07 

100.4 

0.25515E 

04 

0.22057E-02 

0.533E-04 

80. 

0.00 

0.00 00 

100.4 

l.OOO 

0.014 

8 

64.30 

0. 15901E 

07 

100.3 

0.26685E 

04 

0.21784E-02 

0.532E-04 

80. 

0.00 

0.0000 

100.3 

1.000 

0.014 

9 

66.30 

0.16435E 

07 

100.4 

0.27843E 

04 

0.21586E-02 

0.531E-04 

80. 

0.00 

0.0000 

100.4 

l.OOO 

0.014 

10 

68.30 

0.16969F 

07 

100,2 

0.28990E 

04 

0.21372E-02 

0.534E-04 

80. 

0.00 

0.0000 

100.2 

1.000 

0.014 

11 

70-30 

0.i7503E 

07 

100. 1 

0.30123E 

04 

0.21062F-02 

0.533E-04 

SO. 

0.00 

0.00 00 

100.1 

1.000 

0.014 

12 

72.30 

0.1803 7E 

07 

100.2 

0.31228E 

04 

0.20321E-02 

0.528E-04 

80. 

0.00 

0.0000 

100.2 

l.OOO 

0.014 

13 

73.82 

0.18443E 

07 

100.1 

0.32065E 

04 

0.21348E-02 

0.363E-04 

80. 






14 

74.85 

0.18718E 

07 

100.0 

0.32639E 

04 

0.20345E-02 

0.375E-04 

80. 






15 

75.88 

0.18993E 

07 

100.7 

0.33199F 

04 

0.20310F-02 

0.377E-04 

30. 






16 

76.91 

0.19269E 

07 

100.7 

0.33753E 

04 

0.19952E-02 

0.369E-04 

80. 






17 

77.95 

0.19545E 

07 

100.8 

0.34298E 

04 

0.19673E-02 

0.367E-04 

80. 






18 

78.98 

0.19820E 

07 

100.6 

0.34848F 

04 

0.20280E-02 

0.376E-04 

80. 






19 

80.01 

0.20095E 

07 

100.6 

0.35402F 

04 

0.19937E-02 

0.363E-04 

80. 






20 

81.04 

0.20371E 

07 

100.9 

0.35940E 

04 

0.19151E-02 

0.352E-04 

80. 






21 

82.07 

0.20646E 

07 

100.6 

0.36486E 

04 

0.2 04 84E-02 

0.372E-04 

80. 






22 

83.10 

0.20921E 

07 

100.8 

0.37037E 

04 

0.19514E-02 

0.369E-04 

80. 






23 

84.13 

0.2119OE 

07 

100.6 

0.37563F 

04 

0.13739E-02 

0.361E-04 

80. 






24 

85.16 

0.21472'^ 

07 

100.3 

0.38084E 

04 

0.190O7E-02 

0.387E-04 

80. 






25 

86.20 

0.21748E 

07 

97.8 

0.38571E 

04 

0.162 89E-02 

0.363E-04 

80. 






26 

87.23 

0.22023E 

07 

98.1 

0.39055E 

04 

0.I8807E-O2 

0.387E-04 

80. 






27 

88.26 

0.22298E 

07 

100.0 

0.39586E 

04 

0.19820E-02 

0.3B9E-04 

80. 






28 

89.29 

0.22573E 

07 

100.7 

0.40125E 

04 

0.193 07F-02 

0.370E-04 

80. 






29 

90.32 

0.2284 8E 

07 

100 .2 

0.40662E 

04 

0.19722E-02 

0.368E-04 

80. 






30 

91.35 

0.23123F 

07 

101.1 

0.4U97E 

04 

0.19089E-02 

0.369E-04 

80. 






31 

92.38 

0.23398E 

07 

101.0 

0.41727E 

04 

0.19432E-02 

0.367E-04 

80. 






32 

93.41 

0.23675E 

07 

100.8 

0.42246E 

04 

0.18265E-02 

0.358E-04 

80. 






33 

94.45 

0.23951E 

07 

100.6 

0.42756E 

04 

0. 18800E-02 

0.361E-04 

80. 






34 

95.48 

0.24226E 

07 

100.1 

0.43276E 

04 

0.18966E-02 

0.360E-04 

80. 






35 

96.51 

0.24501E 

07 

100.5 

0.43796E 

04 

0.1B798E-02 

0.3776-04 

80. 






36 

97.54 

0.24776E 

07 

99.9 

0-443UE 

04 

0.18593F-02 

0.413E-04 

31. 
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STANTON NUMBER DATA RUN 101173-2 *** DISCRETE HOLE RIG **» NA5-3-14336 


TiNF« 75.6 UINF* 52-7 XVO= 4.750 RHO* 0.0‘'333 CP= 0.242 V1?C» 0.1669OE-03 09 = 0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.550 P/D= 5 

UNCERTAINTY IN REX«26321. UNCERTAINTY IN F=0. 03028 IN PATIO 

M«0.2t COLO RUNf HIGH REi STEP T-HALL AT 24 IN. UPSTREAM OF 1ST PLATE. 


PLATE X 

REX 


TO 

REENTH 


S'^ANTON NO 

DST 

DR66N 

M 

F 

T2 

TH6TA 

D’"H 

1 

50.30 

0.11989E 

07 

101.9 

0.17898E 

04 

0.23837F-02 

D.537F-04 

79. 






2 

52.30 

0.12515E 

07 

101.9 

0.19604E 

04 

0.26997E-02 

0.554E-04 

79. 

0.22 

0.0070 

80.8 

0.109 

0.010 

3 

54.30 

0.13042E 

07 

101.9 

0.21815E 

04 

0.29464E-02 

0.567E-04 

79. 

0.21 

0.0069 

80.8 

0.197 

0.010 

4 

56.30 

0.13568E 

07 

101.9 

0.24087E 

04 

0.29550E-02 

0.557E-04 

79. 

0.21 

0.0068 

80.3 

0.201 

0.010 

5 

58.30 

0.14095E 

07 

101.9 

0.26338E 

04 

0.28569F-02 

0.561E-04 

79. 

0.21 

0.0068 

80.9 

0.201 

0.010 

6 

60.30 

0.1462 IE 

07 

101.9 

0.28553E 

04 

0.28161E-02 

0.560E-04 

79. 

0.21 

0.0063 

30.9 

0.201 

0.010 

7 

62.30 

0.15148E 

07 

101.9 

0.30752E 

04 

0.274337-02 

0.5566-04 

79. 

0.21 

0.0068 

81. 1 

0.209 

0.010 

8 

64.30 

0.15674E 

07 

101.9 

0.32946E 

04 

0.269 lOE- 02 

0.5546-04 

80. 

0.21 

0.0069 

81.1 

0.212 

0.010 

9 

66.30 

0.16200E 

07 

101.9 

0.35114E 

04 

0.26444E-02 

0.5516-04 

80. 

0.21 

0.0069 

81.1 

0.209 

0.010 

10 

68.30 

0.16727E 

07 

101 .9 

0.37260E 

04 

0.26468E-02 

0.5526-04 

80. 

0.21 

0.0069 

81.0 

0.208 

0.010 

11 

70,30 

0.17253E 

07 

101.9 

0.39385E 

04 

0.25861E-02 

0.5486-04 

80. 

0.21 

0.0069 

80.9 

0.204 

0.010 

12 

72.30 

0.17780E 

07 

102.0 

0.41491E 

04 

0.25081E-02 

0.5436-04 

80. 

0.21 

0.0068 

81.3 

0.219 

0.010 

13 

73.82 

0.18180E 

07 

101.1 

0.42866E 

04 

0.23680E-02 

0.391E-04 

80. 






14 

74.85 

0.1845 IE 

07 

101.2 

0.43479E 

04 

0.21468E-02 

0.390E-04 

80. 






15 

75.88 

0.18722E 

07 

102.0 

0.44050E 

04 

0.20664E-02 

0.382E-04 

80. 






16 

76.91 

0.18994E 

07 

102.2 

0.44599E 

04 

0.19756E-02 

0.3666-04 

80. 






17 

77.95 

0.19267E 

07 

102.4 

0.45125E 

04 

0.18997E-02 

0.3576-04 

80. 






18 

78.98 

0.19 53 8E 

07 

102.3 

0.45644E 

04 

0.192 63E-02 

0.3616-04 

80. 






19 

80.01 

0.19809E 

07 

102.4 

0.46158F 

04 

0.18617E-02 

0.3456-04 

80. 






20 

81.04 

0.20080E 

07 

102.6 

0.46655E 

04 

0.17996E-02 

0.3356-04 

80. 






21 

82.07 

0.20351E 

07 

102.4 

0.47159E 

04 

0.19116E-02 

0.3526-04 

80. 






22 

83.10 

0.20622E 

07 

102.6 

0.47662E 

04 

0.17946P-02 

0.3486-04 

80. 






23 

84.13 

0.20893E 

07 

102.4 

0.48142E 

04 

0.17447E-02 

0.3436-04 

80. 






24 

85.16 

0.21166E 

07 

102.1 

0.48617E 

04 

0.17549E-02 

0.3656-04 

80. 






25 

86.20 

0.2143 8E 

07 

99,7 

0.49065E 

04 

0.15458E-02 

0. 3486-04 

80. 






26 

87.23 

0.21 709E 

07 

100'. 2 

0.495 17E 

04 

0.17845E-02 

0.3706-04 

80. 






27 

88.26 

0.21980E 

07 

102.0 

0.50012E 

04 

0.18625E-02 

0.3696-04 

80. 






28 

89.29 

0.22252E 

07 

102.6 

0.50508E 

04 

0.17936E-02 

0.3506-04 

80. 






29 

90.32 

0.22523E 

07 

102.0 

0.51004E 

04 

0.185 85E-02 

0. 3516-04 

80. 






30 

91.35 

0.22794E 

07 

102.9 

0.51497E 

04 

0.17725E-02 

0.3516-04 

80. 






31 

92.38 

0.23065E 

07 

102.8 

0.51986E 

04 

0.18305E-02 

0.351^-04 

80. 






32 

93.41 

0.2333 7E 

07 

102.6 

0.52468E 

04 

0.17217E-02 

0.3436-04 

80. 






33 

94.45 

0.23610E 

07 

, 102.5 

0.5294 IE 

04 

0.17643E-02 

0.344E-04 

80. 






34 

95.48 

0.23881E 

07 

101 .8 

0.53425E 

04 

0.19069E-02 

0.3466-04 

80. 






35 

96.51 

0.24152E 

07 

102.2 

0.53915E 

04 

0. 179 79^-02 

J. 3666-04 

80. 






36 

97.54 

0.24423E 

07 

101.5 

0.54399E 

04 

0.1 77 OOF- 02 

0.4036-04 

80. 
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STANTON NUMBER DATA RUN 101273 **» DISCRETE HOLE RIG NAS-3-14336 


TINF« 72.8 UINFa 53.0 XVOa 4.750 RHO= 0.07343 CP= 0.242 VISC* 0.16503E-03 poaO.715 

DISTANCE FROM ORIGIN OF DL TO 1ST PLATE»44.550 P/D» 5 

UNCERTAINTY IN REX*26743. UNCERTAINTY IN F»0.03027 TN PATIO 


•• M«0.2, HOT RUN, HIGH RE, STEP T-HALL AT 24 IN. UPSTREAM OF 1ST PLA'^E. 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

OST 

DRFEN 

M 

6 

T2 

TH6TA 

0’’H 

1 

50.30 

0.12181E 

07 

103.6 

0.18185E 

04 

D.24269E-02 

0.461E-04 

80. 






2 

52.30 

0.12716E 

07 

103.6 

0.21192E 

04 

0. 21732 E- 02 

0.450E-04 

80. 

0.21 

0.0069 

102.5 

0.965 

0.011 

3 

54.30 

0.13251E 

07 

103.6 

0.26043E 

04 

0.21857E-02 

0.4516-04 

81. 

0.23 

0.0074 

102.6 

0.967 

0.011 

4 

56.30 

0.13786fc 

07 

10B.5 

0.30849E 

04 

0.2 10 QBE- 02 

0.4496-04 

81. 

0.21 

0.0068 

102.3 

0.960 

O.Oll 

5 

58.30 

0.14321E 

07 

103.5 

0.35412E 

04 

0.19802F-02 

0.445E-04 

82. 

0.20 

0.0066 

102.9 

0.990 

0.011 

6 

60.30 

0.14855E 

07 

103.6 

0.39867E 

04 

0.18958E-02 

0.440E-04 

82. 

0.21 

0.0067 

102.2 

0.954 

0.011 

7 

62.30 

0.15390E 

07 

103.6 

0.44064E 

04 

0.18110E-02 

0.437E-04 

83. 

0.18 

0.0057 

102.9 

0.979 

0.011 

8 

64.30 

0.15925E 

07 

103.6 

0.4815BE 

04 

0.172 52E-0? 

0. 4346-04 

83. 

0.19 

0.0061 

103.6 

1.001 

o.on 

9 

66.30 

0.16460E 

07 

103.5 

0.522896 

04 

0.167 29E-02 

0.433E-04 

83. 

0.18 

0.0060 

103.1 

0.987 

0.011 

10 

68.30 

0.16995E 

07 

103.5 

0.56450E 

04 

0.16462E-02 

0.433E-04 

84. 

0.20 

0.0064 

103.2 

0.991 

O.Oll 

11 

70.30 

0.17530E 

07 

103.4 

0.60595E 

04 

0.158636-02 

0.4326-04 

84. 

0.19 

0.0060 

103.0 

0.985 

O.Oll 

12 

72.30 

0.18065E 

07 

103.4 

0.64734E 

04 

0. 149376-02 

0. 4296-04 

84. 

0.19 

0.0063 

104.4 

1.030 

0. 01 2 

13 

73.82 

0.18471E 

07 

103.2 

0.67087F 

04 

0.163 856-02 

0.2736-04 

85. 






14 

74.85 

0,18747E 

07 

103.0 

0.67528E 

04 

0. 156396-02 

0.2886-04 

85. 






15 

75.88 

0.19022E 

07 

103.9 

0.67952F 

04 

0.151116-02 

0.2876-04 

85. 






16 

76.91 

0.192996 

07 

103.9 

0.68367E 

04 

0.14993E-02 

0.2816-04 

85. 






17 

77.95 

0.19576E 

07 

104.1 

0.68778E 

04 

0.147726-02 

0.279E-04 

85. 






IS 

78.98 

0.19851E 

07 

104.2 

0.69182E 

04 

0.14534E-02 

0. 2786-04 

85. 






19 

80.01 

0.20126E 

07 

104.0 

0.69586E 

04 

0.1 47956 - 02 

0.2726-04 

85. 






20 

81.04 

0.20402E 

07 

104.2 

0.69988E 

04 

0.143456-02 

0.266E-04 

85. 






21 

82.07 

0.20677E 

07 

104.2 

0.703926 

04 

0.14948E-02 

0.277E-04 

85. 






22 

83.10 

0.20953E 

07 

104.0 

0.708016 

04 

0.147566-02 

0.2826-04 

35. 






23 

84.13 

0.21228E 

07 

103.9 

0.71201E 

04 

0.142 35E-02 

0.2776-04 

85. 






24 

85.16 

0.21505E 

07 

104.0 

0.71594E 

04 

0.142 526-0? 

0.2916-04 

8'5. 






25 

86.20 

0.21782E 

07 

102.1 

0.71969E 

04 

0.129296-02 

0.276E-04 

85. 






26 

87.23 

0.2205 7E 

07 

102 .4 

0.72358E 

04 

0.153186-02 

0.298E-04 

85. 






27 

88.26 

0.22333E 

07 

103.9 

0.72775E 

04 

0.149 15E- 02 

0.292E-04 

85. 






28 

89.29 

0.22608E 

07 

104.1 

0.73186E 

04 

0.148 80E-02 

0.285E-04 

85. 






29 

90.32 

0.22884E 

07 

103.6 

0.73600E 

04 

0.151486-02 

0. 2836-04 

85. 






30 

91.35 

0.23159E 

07 

104.1 

0.74018E 

04 

0,151 526-02 

0.2926-04 

85. 






31 

92.38 

0.23434E 

07 

104.1 

0.74437E 

04 

0.152 716-02 

0.290E-04 

85. 






32 

93.41 

0.23711E 

07 

103.6 

0.74854E 

04 

0.149286-02 

0.2896-04 

85. 






33 

94.45 

0.23988E 

07 

103.7 

0.75265E 

04 

0.149116-02 

0.2876-04 

85. 






34 

95.48 

0.242646 

07 

103.0 

0.75683E 

04 

0.154036-02 

0.2376-04 

35. 






35 

96.51 

0.24539E 

07 

103.3 

0.761096 

04 

0.15445E-02 

0.3066-04 

35. 






36 

97.54 

0.24814F 

07 

102.7 

0. 765346 

04 

0.153 75E-02 

0.3366-04 

85. 
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FOLLOMING IS THE DATA FOR THETA*0 AND THETA-1, WHICH WAS OBTAINED BY LINEAR SIJPERPOS I^ION THEO»Y. 
THIS DATA HAS PPODOCEO FROH RUN 101173-2 AND RON 101273 

FOR THE DETAIL CHANGES CF PROPERTIES AND BOUNDARY CONDITIONS, PLEASE SFE THE ABOVE TWO RUNS 


PLATE 

REXCOL RE 

DEL2 

ST(TH=OI 

REXHOT 

RE 0EL2 

ST(TH=n 

FTA 

STCR 

F-COl 

STHR 

F-HO’ 

PHI-l 

1 

1198907.0 

1789.8 

0.002334 

1218122.0 

1818.5 

0.002427 

UU'JUU 

UUUUU 

0.0000 

UUUUUUU 

0.0000 

UMJUn 

2 

1251549.0 

1927.2 

0.002836 

1271607.0 

2125.1 

0.002149 

0.242 

1.209 

0.0070 

0.916 

0.0069 

2.044 

3 

1304190.0 

2084.5 

0.003141 

1325092.0 

2621.6 

0.002153 

0.314 

1.345 

0.0069 

0.922 

0.0074 

2.123 

4 

1356831.0 

2250.9 

0.003181 

1378577.0 

31 13.9 

0.002056 

0.354 

1.388 

0.0068 

0.897 

0.0068 

2.036 

5 

1409473.0 

2415.8 

0. 003083 

1432062.0 

35 79.2 

0.001957 

0.365 

1.371 

0.0068 

0.B7I 

0.0066 

1.984 

6 

1462114.0 

2577.5 

0.003061 

1485547.0 

4034.3 

0.001840 

0.399 

1.366 

0.0068 

0.821 

0.0057 

1.942 

7 

1514756.0 

2737.0 

0. 002997 

1539032.0 

4463.3 

0.001785 

0.404 

1.359 

0.0068 

0.909 

0.0057 

1.310 

8 

1567397.0 

2393.5 

0.002950 

1592518.0 

48 75.2 

0.001726 

0.415 

1.354 

0.0069 

0.792 

0.0061 

1.859 

9 

1620038.0 

3047.6 

0.002905 

1646003.0 

52 89 .9 

0.001656 

0.430 

1.346 

0.0069 

0.767 

0.0060 

1.913 

10 

1672680.0 

3200.7 

0. 002913 

16 99488.0 

57 08.9 

0.001635 

0.439 

1.363 

0.0069 

0.765 

0.0064 

1.880 

11 

1725321.0 

3352.4 

0.002848 

1752973.0 

6126.6 

0.001567 

0.450 

1.352 

0.0069 

0.744 

0.0060 

1.813 

12 

1777963.0 

3500.5 

0.002781 

1806458.0 

6538.4 

0.001531 

0.449 

1.369 

0.0068 

0.754 

0.0063 

1.895 

13 

1817970.0 

3608.5 

0.002561 

1847107.0 

6769.4 

0.001621 

0.367 

1.200 


0.759 



14 

1845 080.0 

3674.5 

0. 002301 

1874651.0 

6813.1 

0.001550 

0.326 

1.131 


0.762 



15 

1872191.0 

3735.7 

0. 002213 

1902196.0 

6855.1 

0.001498 

0.323 

1.090 


0.738 



16 

1899437.0 

3794.3 

0.002102 

1929874.0 

6896.3 

0.001488 

0.292 

1.053 


0.746 



17 

1926674.0 

3850.1 

0. 002011 

1957553.0 

69 37.1 

0.001467 

0.271 

1.027 


0.746 



18 

1953785.0 

3905.3 

0.0020 51 

1985098.0 

6977.2 

0.001442 

0.297 

1.012 


0.711 



19 

1980895.0 

3959.7 

0.001963 

2012643.0 

7017.3 

0.001470 

0.251 

0.985 


0.739 



20 

2008005.0 

4012.1 

0 . 00 1 896 

2040187.0 

7057.3 

0.001426 

0.24R 

0.990 


0.745 



21 

2035116.0 

4065.3 

0. 002022 

2067733.0 

7097.4 

0.001485 

0.266 

0.987 


0.725 



22 

2062226.0 

4118.2 

0.001879 

2095277.0 

7138.1 

0.001468 

0.219 

0.963 


0.752 



23 

2089336.0 

4168.5 

0.001830 

2122822.0 

7177.9 

0.001416 

0.226 

0.975 


0.756 



24 

2116578.0 

4218.4 

0.001842 

2150500.0 

7217.0 

0.001417 

0.231 

0.965 


0.742 



25 

2143820.0 

4265.3 

0.0016 13 

2178179.0 

72 54.3 

0.001287 

0.202 

0.990 


0.790 



26 

2170930.0 

4312.3 

0. 0018 51 

2205724.0 

7293.0 

0.001526 

0.176 

0.984 


0.811 



27 

2198041.0 

4364.0 

0.001961 

2233268.0 

7334.5 

0.001483 

0.244 

0.989 


0.748 



28 

2225151.0 

4416.1 

0.001874 

2260813.0 

7375.4 

0.001481 

0.210 

0.971 


0.767 



29 

2252262.0. . . , 

4468.0 

0.001949 

2288353.0 

7416.6 

0.001507 

0.227 

0.988 


0.764 



30 

2279372.0 

4519.4 

0. 001841 

2315903.0 

7458.2 

0.001509 

O.IBO 

0.954 


0.791 



31 

2306482.0 

4570.3 

0.001911 

2343448.0 

7499.9 

0.001520 

0.205 

0.983 


0.782 



32 

2333724.0 

4620.4 

0. 001782 

2371126.0 

7541.4 

0.001487 

0.165 

0.976 


0.814 



33 

2360966.0 

4669.5 

0. 001837 

2398805.0 

75 82.4 

0.001485 

0.192 

0.977 


0.790 



34 

2388076.0 

4719.9 

0.001877 

2426350.0 

7624.0 

0.001534 

0.183 

0.990 


0.809 



35 

2415186.0 

4770.7 

0. 001865 

2453894.0 

7666.4 

0.001538 

0.175 

0.992 


0.818 



36 

2442297.0 

4820.9 

0.001631 

2481439.0 

7708.7 

0.001532 

0.164 

0.985 


0.824 
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STANTON NUMBER DATA RUN 101573 DISCRETE HOLE RIG NAS-3-XA336 


TINE* 73.8 UINF* 52.7 XVO» 0.000 R.HO* 0.07385 CP» 0.2A7 VISC= 0.16534E-03 PR*0.716 

DISTANCE FROM ORIGIN )F BU TO 1ST PLATE»49.300 P/D» 5 

UNCERTAINTY IN REX»26743. UNCERTAINTY IN F»0. 03028 IN RATIO 


•* M»0.2.HIGH RE, ADIABATIC WALL FFFECTIVENFSS RUN. 


PLATE X 

REX 


TO 

X/D 

ETA 

M 

2 

52.30 

0.12716E 

07 

2.5 

0.22 

0.2224 

0.01 

3 

54.30 

0.13251E 

07 

7.4 

0.29 

0.2297 

0.01 

4 

56.30 

Oil3786E 

07 

12.3 

0.34 

0.2133 

O.Ol 

5 

58.30 

0.14321E 

07 

17.2 

0.36 

0.2024 

0.01 

6 

60.30 

0.14855E 

07 

22.2 

0.39 

0.2130 

0.01 

7 

62^30 

0.15390E 

07 

27.1 

0.40 

0.1801 

0.01 

8 

64.30 

0.15925E 

07 

32.0 

0. 40 

0.1905 

0.01 

9 

66.30 

0.16460E 

07 

36.9 

0.42 

0.1873 

0.01 

10 

68.30 

0.16995E 

07 

41,9 

0.44 

0.2029 

0.01 

11 

70.30 

0.1 753 OE 

07 

46.8 

0.45 

0.1911 

0.01 

12 

72.30 

0.18065E 

07 

51.7 

0.44 

0.1966 

0.01 

13 

73.82 

0.18471E 

07 

55.5 

0.43 



14 

74.85 

0.18747E 

07 

58.0 

0.40 



15 

75.88 

0.19022E 

07 

60.5 

0.39 



16 

76.91 

0.19299E 

07 

63.1 

0.37 



17 

77.95 

0.19576E 

07 

65.6 

0.36 



18 

78.98 

0.19851E 

07 

68.2 

0.37 



19 

80.01 

0.20126E 

07 

70.7 

0.35 



20 

81.04 

0.20402E 

07 

78.3 

0.34 



21 

82.07 

0.20677E 

07 

?5.8 

0.34 



22 

83.10 

0.20953E 

07 

78.3 

0.33 



23 

84.13 

0.2122 8E 

07 

80.9 

0.34 



24 

85.16 

0.21505E 

07 

83.4 

0.34 



25 

86.20 

0.21782E 

07 

86.0 

0.33 



26 

87.23 

0.22057E 

07 

88.5 

0.32 



27 

88.26 

0.22333E 

07 

9l.o 

0.33 



28 

89.29 

0.22608E 

07 

93.6 

0.33 



29 

90.32 

0.22884E 

01 

96.1 

0.33 



30 

91.35 

0.23159E 

07 

98.6 

0.3i 



31 

92.38 

0.23434E 

07 

101.2 

0.31 



32 

93.41 

0.23711E 

07 

103.7 

0.30 



33 

94.45 

0.2398 8E 

07 

106.3 

0.30 



34 

95.48 

0.24264E 

07 

108.8 

0.30 



35 

96.51 

0.24539E 

07 

111. 4 

0.30 



36 

97.54 

0.24814E 

07 

113.9 

0.29 
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STANTCN KUMBER DATA RUN 111873 *** DISCRETE HOLE BIG NAS-3-14336 


TINF» 72.9 UINF* 53.4 XVO» 4.610 RHO* 0.07457 CP« 0.241 VISC« 0.16387E-03 PP-0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-44.690 P/D=10 

UNCERTAINTY IN REX=27139. 


** M 

»0.0t FLAT PLATE 

RUN 

. HIGH 

RE, STEP T- 

-HALL 

AT 1ST PLATE 








PLATE X 

REX 


TO 

REENTH 


STANTON MO 

DST 

DREEN 

H 

6 

T2 

theta 

DTH 

1 

50.30 

0.12430E 

07 

101.3 

0.11106E 

03 

0.40922E-02 

0.585E-04 

2. 






2 

52.30 

0.12943E 

07 

101.4 

0.30568E 

03 

0.307)91E-02 

0. 5236-04 

3. 

0.00 

0.0000 

101.4 

1.000 

0.012 

3 

54.30 

0.13486E 

07 

101.3 

0.46610E 

03 

0.?83OTE-02 

0.512E-04 

3. 

0.00 

0.0000 

101.3 

1.000 

0.312 

4 

56.30 

Q.14028E 

07 

10L.2 

0.61764E 

03 

0.27520F-02 

0.5096-04 

4. 

0.00 

0.0000 

101.2 

1.000 

0.012 

5 

58.30 

0.1457 IE 

07 

101.3 

0.76266E 

03 

0.259;i6E-02 

0.500E-04 

5. 

0.00 

0.0000 

101.3 

1.000 

0.012 

6 

60.30 

0.15I14E 

07 

101 .4 

0.90393E 

03 

0.2613BE-02 

0.4996-04 

5. 

0.00 

0.0000 

101.4 

1.000 

0.012 

7 

62.30 

0.1565 7E 

07 

101.3 

0.10420E 

04 

0.24733E-02 

0.494F-04 

5. 

0.00 

0.0000 

101.3 

1.000 

0.012 

8 

64.30 

0.16200E 

07 

101.2 

0.11764E 

04 

0. 24796 E- 02 

0.495E-04 

6. 

0.00 

0.0000 

101.2 

1.000 

6.312 

9 

66.30 

0.16742E 

07 

101.3 

0.13084E 

04 

0.23825E-02 

0.490E-04 

6. 

0.00 

0.0000 

101.3 

1.000 

0.012 

10 

68.30 

0.17285E 

07 

101.3 

0.143 86E 

04 

0.24155E-02 

0.491E-04 

6. 

0.00 

0.0000 

101.3 

1.000 

0.012 

11 

70.30 

0.17828E 

07 

101.3 

0.15672E 

04 

0.23247E-02 

0.4886-04 

7. 

0.00 

0.0000 

101.3 

1.300 

0.012 

12 

72.30 

0.18371E 

07 

101.3 

0.16920E 

04 

0.227 066- 02 

0.4846-04 

7. 

0.00 

0.0000 

101.3 

1.000 

0.012 

13 

73.82 

0.18783E 

07 

100.5 

0.17867E 

04 

0.236 59 E-02 

0.374E-04 

7. 






14 

74.85 

0.19063E 

07 

100.2 

0.18513E 

04 

0. 224 86 E- 02 

0.3836-04 

7. 






15 

75.38 

0.19342E 

07 

100.9 

0.19145E 

04 

0.22712E-02 

0.3896-04 

7. 






16 

76.91 

0.19623E 

07 

100.9 

0.19777E 

04 

0.224 33 E-02 

0.3816-04 

7. 






17 

77.95 

0.19904E 

07 

101.0 

0.20401E 

04 

0.22151E-02 

0.379E-04 

7. 






18 

78.98 

0.20184E 

07 

100.9 

0.21023E 

04 

0.22330E-02 

0.3B3E-04 

7. 






19 

80.01 

0.20463E 

07 

100.8 

0.21647E 

04 

0.22259E-02 

0.3746-04 

7. 






20 

81.04 

0.20743E 

07 

101.0 

0.22257E 

04 

0.21338E-02 

0.362E-04 

7. 






21 

32. 07 

U.21022E 

07 

100.8 

0.22877E 

04 

0.22930F-02 

0.3856-04 

7. 






22 

83.10 

0.21302E 

07 

100.9 

0.23504E 

04 

0.21875E-02 

0.3796-04 

7. 






23 

84.13 

0.21581E 

07 

100.8 

0.24106E 

04 

0.21203E-02 

0.3716-04 

8. 






24 

85.16 

0.21862E 

07 

100.9 

0.24708E 

04 

0.2 17996-02 

0.3826-04 

8 . 






25 

86.20 

0.22143E 

07 

100.8 

0.25306E 

04 

0.20942E-02 

0.369E-04 

8 . 






26 

87.23 

0.22423E 

07 

100.8 

0.25913E 

04 

0.22425E-02 

0.386E-04 

8 . 






27 

88.26 

0.22702E 

07 

101.0 

0.26525E 

04 

0.21275E-02 

0.372E-04 

8. 






28 

89.29 

0.22982E 

07 

101.1 

0.27114E 

04 

0.20825F-02 

0.367E-04 

B. 






29 

90.32 

0.23261E 

07 

100.4 

0.27703E 

04 

0.212 526-02 

0.36BE-04 

8. 






30 

91.35 

0.23541E 

07 

101.3 

0.28289E 

04 

0.20633E-02 

0.3696-04 

8. 






31 

92.33 

0.23820= 

07 

101.4 

0.28877E 

04 

0.21424E-02 

0.372E-04 

8. 






32 

93.41 

0.24101E 

07 

101.1 

0.29455E 

04 

0.19899F-02 

0.358E-04 

8. 






33 

94.45 

- 0.24382E 

07 

100.9 

0.30021E 

04 

0.205 38E-02 

0.363E-04 

8. 






34 

95.48 

0.24662E 

07 

100.2 

0.30606E 

04 

0. 212206-02 

0.368E-04 

8. 






35 

96.51 

0. 74^4 IE 

07 

100.8 

0.3U95E 

04 

0.20911-6-02 

0.3836-04 

8. 






36 

97.54 

0.2522IF 

07 

100.0 

0.31781E 

04 

0.209/756- 02 

0.425E-04 

8. 
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STANTON NUMBER DATA RUN 111973 DI SCRETE HOLE RIG *** NA5-3-14336 


TINF= 72.4 UINF« 53.1 XVO= 4.610 RHO= 0.07479 CP» 0.241 VI«C» 0.16327E-03 PP»0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-44.690 P/D-IO 

UNCERTAINTY IN REX*27090. UNCERTAINTY IN p=0. 03026 IN RATIO 

♦* H=0.2, COLD RUN, HIGH RE, STEP T-MALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

'•Z 

THE^’A 

O^H 

1 

50.30 

0.12377E 

07 

101.7 

0.11060E 

03 

0.40827E-02 

0.569E-04 

2. 






2 

52.30 

0.12919E 

07 

101.8 

0.32158E 

03 

0.33224E-02 

0.523E-04 

3. 

0.20 

0.0017 

75.8 

0.116 

0.009 

3 

54.30 

0.13461E 

07 

10 L. a 

0.50464E 

03 

0.30516E-02 

0.508E-04 

4. 

0.00 

0.0017 

101.8 

0.116 

0.012 

4 

56.30 

0.14003E 

07 

101.8 

0-67886E 

03 

0.29815E-02 

0.503E-04 

4. 

0.22 

0.0018 

75.7 

0.113 

0.009 

5 

58.30 

0.14544E 

07 

101.8 

0.84663E 

03 

0.28135E-02 

0.495E-04 

5. 

0,00 

0.0018 

101.8 

0.113 

0.012 

6 

60.30 

0.15086E 

07 

101.9 

O.IOIOIE 

04 

0.28428E-02 

0.495P-04 

5. 

0.20 

0.0017 

75.8 

0.115 

0.009 

7 

62.30 

0. 15628E 

07 

101.8 

0.11703E 

04 

0.26910E-02 

0.489E-04 

6. 

0.00 

0.0017 

101.8 

0.115 

0.012 

8 

64.30 

0.16170E 

07 

101 .8 

0.13285E 

04 

0.26848E-02 

0.489E-04 

6. 

0.21 

0.0017 

76.5 

0.139 

0.009 

9 

66.30 

0.16712E 

07 

102.0 

0.14831E 

04 

0.2 55 88E-02 

0.480E-04 

6. 

0.00 

0.0017 

102.0 

0.139 

0.012 

10 

68.30 

0.17253E 

07 

102.0 

0.16366E 

04 

0.26469E-02 

0.484E-04 

7. 

0.21 

0.0017 

76.4 

0.136 

0.009 

11 

70.30 

0.17795E 

07 

102.0 

0.17891E 

04 

0.25194E-02 

0.478E-04 

7. 

0.00 

0.0017 

102.0 

0.136 

0.012 

12 

72.30 

0.18337E 

07 

101.9 

0.19370E 

04 

0.24625E-02 

0.477F-04 

7. 

0.21 

0.0017 

76.6 

0.141 

0.009 

13 

73.82 

0.18749E 

07 

100.9 

0.20491E 

04 

0.25479E-02 

0.391E-04 

7. 






14 

74.85 

0.1902 8E 

07 

100.6 

0.21178E 

04 

0.23652E-02 

0.390E-04 

7. 






15 

75.88 

0.19307E 

07 

101.6 

0.21800E 

04 

0.2328BE-02 

0.389E-04 

7. 






16 

76.91 

0.19587E 

07 

101.6 

0.22443E 

04 

0.22758E-02 

0.377E-04 

7. 






17 

77.95 

0.19867E 

07 

101.9 

0.23071E 

04 

0.221 76E-02 

0.371E-04 

8. 






le 

78.98 

0.2C147E 

07 

101.8 

0.23691E 

04 

0.22261E-02 

0.372E-04 

8. 






19 

80.01 

0.20426E 

07 

101.7 

0.24310E 

04 

0. 2 20 23 E- 02 

0.362E-04 

8. 






20 

81.04 

0.20705E 

07 

102 .0 

0.24911E 

04 

0.21032E-02 

0.350E-04 

8. 






21 

82.07 

0.20984E 

07 

101.8 

0.25519E 

04 

0.22448E-02 

0.369E-04 

8. 






22 

83.10 

0.21263E 

07 

101.9 

0.26132E 

04 

0.21459E-02 

0.365E-04 

8. 






23 

84.13 

0.21542E 

07 

101.7 

0.26722E 

04 

0.20815E- 02 

0.356E-04 

8. 






24 

85. 16 

0.21322E 

07 

101 .9 

0.27310E 

04 

0.21254E-02 

0.365E-04 

8. 






25 

86.20 

0.22102E 

07 

101.9 

0.27895E 

04 

0.206 12E-02 

0.355E-04 

8. 






26 

87.23 

0.22381E 

07 

101.8 

0.28490E 

04 

0.22023E-02 

0.371E-04 

S. 






27 

88.26 

0.22660E 

07 

102.0 

0.29089E 

04 

0.20835E-02 

0.357E-04 

8. 






28 

89.29 

0.22939E 

07 

102.1 

0.29663F 

04 

0.202 50F- 02 

0.351E-04 

8. 






29 

90.32 

0.23218E 

07 

101.4 

0.30237E 

04 

0.20861E-02 

0.353E-04 

8. 






30 

91.35 

0.23497E 

07 

102.4 

0.30809E 

04 

0.20081E-02 

0.353E-04 

8. 






31 

92.38 

0.23777E 

07 

102.4 

0.31383E 

04 

0.20987E-02 

0.357E-04 

8. 






32 

93.41 

0.24057E 

07 

102.1 

0.31949E 

04 

0.19529E-02 

0.343E-04 

8. 






33 

94.45 

0.24337E 

07 

102. 0 

0.32501E 

04 

0.20024E-02 

0.348E-04 

8. 






34 

95.48 

0.24616E 

07 

101.2 

0.33070E 

04 

0.20697E-02 

0.351E-04 

8. 






35 

96.51 

0.24895E 

07 

101-9 

0.33647E 

04 

0.20594E-02 

0.369E-04 

8. 






36 

97.54 

0.25174E 

07 

101 .0 

0.342 18E 

04 

0.20323E-02 

0.411E-04 

8. 
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STANTON NUMBER DATA R'JM U2273 DISCRETE HOLE RIG •** NAS-3-14336 


TINF- 71.0 UINF= 53.1 XVO= 4.610 RHO= 0.07420 CP* 0.241 VISC* 0.16419E-03 P9*0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE*44.690 P/D*10 

UNCERTAINTY IN REX*26960. UNCERTAINTY IN F*0. 03026 IN RATIO 

** M*0.2i HOT RUN, HIGH RE, STEP T-wALL AT 1ST PLATE. 


PLATE X 

RFX 


TO 

REENTH 


STANTON NO 

DST 

OREEN 

M 

F 

T2 

THFTA 

oth 

1 

50.30 

0.12318E 

07 

100.6 

0.10260E 

03 

0.38056E-02 

0.550E-04 

2. 






2 

52.30 

0.12857E 

07 

100.6 

0.35501E 

03 

0.288688-02 

0.498E-04 

3. 

0.17 

0.0014 

99.4 

0.95 8 

0.012 

3 

54. 30 

0.13396E 

07 

100.6 

0.57974E 

03 

0.277 86E-02 

0.492E-04 

4. 

3.00 

0.0314 

100.6 

0.959 

0.012 

4 

56.30 

0.13935E 

07 

100.7 

0.79850E 

03 

0.26137E-02 

0.484E-04 

5. 

0.17 

0.0014 

100.3 

0.986 

0.012 

5 

58.30 

0.14475E 

07 

100.6 

0.10104E 

04 

0.25230E-02 

D.4B1E-04 

5. 

0.00 

0.3314 

100.6 

0.986 

0.012 

6 

60.30 

0.15014E 

07 

100.7 

0.12129E 

04 

0.241 OlE- 02 

0.474E-04 

6* 

0.18 

0.0314 

97.6 

0.898 

0.011 

7 

62.30 

0.15553E 

07 

100.5 

0.14117E 

04 

0.238 59 E-02 

0.477E-04 

6. 

0.00 

0.3014 

100.5 

0.898 

0.012 

8 

64.30 

0.16092E 

07 

100.5 

0.16048E 

04 

0.22719E-02 

0.4T1E-04 

7. 

0.14 

0.0012 

102.7 

1.072 

0.012 

9 

66.30 

0.16631E 

07 

100.6 

0.17942E 

04 

0.22506E-02 

0.468F-04 

7. 

0.00 

0.0312 

100.6 

1.372 

0.012 

10 

68.30 

0.17171E 

07 

100.7 

0.19907E 

04 

0.21251 E-02 

3.463E-04 

8. 

0.17 

0.0014 

101.7 

1.035 

0.012 

11 

70.30 

0.17710E 

07 

100.7 

0.21842E 

04 

0.21393E-02 

0.463E-04 

8. 

0.00 

0.0014 

100.7 

1.035 

0.012 

12 

72.30 

0.18249E 

07 

100.7 

0.23676E 

04 

0.18999E-02 

0.453E-04 

8. 

0.15 

0.0012 

105.1 

1.147 

0.013 

13 

73.82 

0.18659E 

07 

99.9 

0.25064E 

04 

0.22328E-02 

0.350E-04 

9, 






14 

74.85 

0.18936E 

07 

99.4 

0.25666E 

04 

0.20999E-02 

0.357E-04 

9. 






15 

75.88 

0.19214E 

07 

100.4 

0.26053E 

04 

0.20620E-02 

0.356E-04 

9. 






16 

76.91 

0.19493E 

07 

100.4 

0.26626E 

04 

0.20604E-02 

0.351E-04 

9. 






17 

77.95 

0.19772E 

07 

100.6 

0.27194E 

04 

0.20304E-02 

0.347E-04 

9. 






18 

78.98 

0.20050E 

07 

100.8 

0.27754E 

04 

0.19955 E-02 

0.345E-04 

9. 






19 

80.01 

0.2032 7E 

07 

100.5 

0.28313E 

04 

0.20276F-02 

0.340E-04 

9. 






20 

81.04 

0.20605E 

07 

100.7 

0.28869E 

04 

0.19689E-02 

0.332E-04 

9. 






21 

82.07 

0.20883E 

07 

100.9 

0.29424E 

04 

0.202 64E-02 

0.344E-04 

9. 






22 

83.10 

0.21161E 

07 

100.5 

0.29988F 

04 

0.20331E-02 

0.350E-04 

9. 






23 

84. 13 

0.21438E 

07 

100 .6 

0.30540E 

04 

0.19316E-02 

0.338E-04 

9. 






24 

85.16 

0.2171 7E 

07 

101.0 

0.31079E 

04 

0.19487E-02 

0.345E-04 

9. 






25 

86.20 

0.21996E 

07 

100.7 

0.31621E 

04 

0.194 77E-02 

0.340E-04 

9. 






26 

87.23 

0.22274E 

07 

100.6 

0.32180E 

04 

0.207 82E-02 

0.355E-04 

9. 






27 

88.26 

0.22552E 

07 

101.2 

0.32732E 

04 

0.1B905E-02 

0.335E-04 

9. 






28 

89.29 

0.22829E 

07 

101.0 

0.33262E 

04 

0.19209E-02 

0.336E-04 

9. 






29 

90.32 

0.23107E 

07 

100.6 

0.33792E 

04 

0.18957E-02 

0.330E-04 

9. 






30 

91.35 

0.23385E 

07 

100 .9 

0.34328E 

04 

0.19559E-02 

0.344E-04 

9. 






31 

92.38 

0.23662E 

07 

101.2 

0.34871E 

04 

0.19511E-02 

0.343E-04 

9. 






32 

93.41 

0.23941E 

07 

100.4 

0.35408E 

04 

0.19130E-02 

0.339E-04 

9. 






33 

94.45 

0.24220E 

07 

100.7 

0.35936E 

04 

0.I8896E-02 

0.336E-04 

9. 






34 

95.48 

0.24498E 

07 

100.0 

0.36472E 

04 

0,1 96 29 E-02 

0.339E-04 

9. 






35 

96.51 

0.24776E 

07 

100.5 

0.37017E 

04 

0.19560E-02 

0.356E-04 

9. 






36 

97.54 

0.25053E 

07 

99.9 

0.37559E 

04 

0.19430E-02 

0.387E-04 

9. 
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FOLLOWING IS THE DATA FOR THETA=0 AND THETA = 1, WHICH WAS OBTAINED BY LINEAR S'JP'= R POS !' I ON THEORY. 
THIS data WAS PFODUCED FROM RUN 111973 AND RUN 112273 


FOR 

THE DETAIL 

CHANGES OF 

PROPERTIES 

AND BOUNDARY 

CONDITIONS. PLEASE 

■ SEE the above 

’’WD RUNS 




PLATE 

REXCOL 

RE DEL2 

st<th=o» 

REXHOT RE 

DEL2 

ST(TH«1) 

eta 

STCR 

F-COL 

STHR 

c-HOT 

PHI-1 

1 

1237721.0 

110.6 

0.004083 

1231780.0 

102.6 

0.003806 

UUUUU 

UUUUU 

0.0000 

UUUUUUU 

0.0000 

UU'JUM 

2 

1291900.0 

312.8 

0.003382 

1285699.0 

357.6 

0.302865 

0.153 

0.8B4 

0.0017 

1.029 

0.0014 

1.252 

3 

1346080.0 

488.1 

0.00 30 89 

1339618-0 

5 84.5 

0.002765 

0-105 

0.904 

0.0017 

1 .055 

0.0014 

1.303 

4 

1400259.0 

653.9 

0.003029 

1393537.0 

803.8 

0.002608 

0.139 

0.955 

0.0018 

1.037 

0.0014 

1.292 

5 

1454438.0 

813.1 

0. 002851 

1447456.0 

1016.4 

0.002518 

0.117 

0.950 

0.0018 

1.033 

0.0014 

1.296 

6 

1508617.0 

969.1 

0. 002906 

1501375-0 

1225.2 

0.002353 

0. 190 

1.012 

0.0017 

0.991 

0.0014 

1.259 

7 

1562796.0 

1121.9 

0. 002736 

1555294-0 

1429.3 

0.002346 

0.142 

0.988 

0.001 7 

1 .009 

0.0014 

1.294 

8 

1616975.0 

1270.4 

0. 002746 

1609213-0 

1617.7 

0.002304 

0.161 

1 .023 

0.0017 

1.010 

0.0012 

1.249 

9 

1671154.0 

1415.4 

0. 002605 

1663132-0 

1804.1 

0.002274 

0.12 7 

0.998 

0.001 7 

1.014 

0.0012 

1.257 

10 

1725333.0 

1559. 8 

0. 002726 

1717051-0 

1999.1 

0.002145 

0.213 

1.070 

0.0017 

0.972 

0.0014 

1.P54 

11 

1779512.0 

lt03.5 

0. 002577 

1770970.0 

2190.9 

0.002154 

0.154 

1.034 

0.0017 

0.98' 

0.0014 

1.286 

12 

1833692.0 

1342.1 

0.002541 

1824889.0 

2367.4 

0.001982 

0.22 0 

1.040 

0.0017 

0.922 

0.0012 

1.181 

13 

1874868.0 

1947.2 

0.002593 

1865868.0 

2501.2 

0.002234 

0.13B 

1.075 


1.049 



14 

1902770.0 

2017.0 

0.002403 

1893636.0 

2561.5 

0.002101 

0.126 

1.005 


0.993 



15 

1930672.0 

2083.6 

0.002367 

1921404.0 

2602.6 

0.002063 

0.128 

0.999 


0.980 



16 

1958710.0 

2148.9 

0. 002307 

1949307.0 

2659.9 

0.002061 

0.106 

0.982 


0.985 



17 

1986747.0 

2212.4 

0.002244 

1977210.0 

2716.8 

0.002031 

0.095 

0.963 


0.975 



18 

2014650.0 

2275.3 

0.002259 

2004979.0 

2772.8 

0.001997 

0.116 

0.977 


0.954 



19 

2042552.0 

2338.0 

0. 002227 

2032747-0 

2828.7 

0.002028 

0.08 9 

0.970 


0.985 



20 

2070454.0 

2398.8 

0.002122 

2060515.0 

2884.3 

0.001969 

0.072 

0.931 


0.961 



21 

2098357.0 

2460.2 

0.0022 76 

2088284.0 

2939.9 

0.002027 

0.109 

1.006 


0.994 



22 

2126259.0 

2522.2 

0.002162 

21 16052.0 

2996.3 

0.002034 

0.05 9 

0.962 


1.001 



23 

2154161.0 

2581.7 

0. 002103 

2143820.0 

3051.5 

0.001932 

0.081 

0.942 


0.955 



24 

2182198.0 

2641.2 

0.002151 

2171723.0 

3105.4 

0.001950 

0.093 

0.969 


0.969 



25 

2210236.0 

2700.2 

0.002077 

2199626.0 

3159.6 

0.001948 

0.052 

0.942 


0.972 



26 

2238138.0 

2760.2 

0.002220 

2227395.0 

3215.6 

0.002079 

0.064 

1.013 


1.042 



27 

2266041.0 

2820.7 

0. 0021 11 

2255163.0 

32 70.8 

0.001891 

0.104 

0.968 


0.952 



28 

2293943.0 

2878.7 

0.002040 

2282931.0 

3323.8 

0.001921 

0.058 

0.941 


0.971 



29 

2321845.0 

2936.7 

0.002113 

2310700.0 

3376.8 

0.001897 

0.103 

0.980 


0.962 



30 

2349748.0 

2994.4 

0.002016 

2338468.0 

3430.4 

0.001956 

0.03 0 

0.940 


0.995 



31 

2377650.0 

3052.1 

0. 002120 

2366236.0 

34 84.7 

0.001952 

0.079 

0.994 


0.998 



32 

2405687.0 

3109.1 

0. 001959 

2394139.0 

3533.4 

0.001913 

0.02 3 

0.923 


0.982 



33 

2433725.0 

3164.7 

0.002013 

2422042.0 

35 91.3 

0.001890 

0.064 

0.956 


0.973 



34 

2461627.0 

3222.0 

0. 0020 85 

2449811.0 

3644.9 

0.001963 

0.058 

0.992 


1.015 



35 

2489529.0 

3280.1 

0.0020 74 

2477579.0 

3699.4 

0.001956 

0.057 

0.992 


1.015 



36 

2517432.0 

3337.6 

0. 002045 

2505347.0 

3753.6 

0.001943 

0.050 

0.982 


1.011 
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STANTON NUKBEK DATA RUN 121773 *♦* DI SCRE'^E HOLE RIG *•* NAS-3-1A336 


TINF= 66.8 UINF* 53.3 XVO= 4.610 PHO= 0.07542 CP= 0.242 VISC« 0.16048E-03 PR«0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.690 P/D«10 

UNCERTAINTY IN REX=27663. UNCERTAINTY IN F»0. 03025 IN RATIO 

•* M=0.5t COLD RUN, HIGH RE.STFp T-MALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

REENTH 


STANTON NO 

OST 

OREEN 

H 

c 

T2 

THETA 

OTH 

1 

50.30 

0.12639E 

07 

94.9 

0.10925E 

03 

0.39492E-02 

0.579E-04 

2. 






2 

52.30 

0.13192E 

07 

94.9 

0.34363E 

03 

0.34204E-02 

0.547E-04 

3. 

0.53 

0.0043 

70.5 

0.129 

0.009 

3 

54.30 

0.13746E 

07 

95.0 

0.55467F 

03 

0.31052E-02 

3.527E-04 

4. 

0.00 

0.0043 

95.0 

0.129 

0.013 

4 

56.30 

0.14299E 

07 

94.8 

0.75571E 

03 

0.30905E-02 

0.528E-04 

5. 

0.52 

0.0042 

70.4 

0.128 

0.009 

5 

58.30 

0.14852E 

07 

94.9 

0.95139E 

03 

0.291 17F-02 

0.517E-04 

6. 

0.00 

0.0042 

94.9 

0.128 

0.013 

6 

60.30 

0.15405E 

07 

94.8 

0.11444F 

04 

0.30122F-02 

0.524E-04 

7. 

0.51 

0.0041 

70.4 

0.127 

0.009 

7 

62.30 

0.15959E 

07 

94.9 

0.13354E 

04 

0.28367E-02 

0.513F-04 

7. 

0.00 

0.0041 

94.9 

0.127 

0.013 

8 

64.30 

0.16512E 

07 

94.8 

0.15257E 

04 

0.28621F-02 

0.516E-04 

8. 

0.53 

0.0043 

70.7 

0.137 

0.009 

9 

66.30 

0.17065E 

07 

94.9 

0.17119E 

04 

0.26882E-02 

0.506E-04 

8. 

0.00 

0.0043 

94.9 

0.137 

0.013 

10 

68.30 

0.1761 8E 

07 

94.6 

0.18968E 

04 

0.285 70E-02 

0.516E-04 

9. 

0.52 

0.0042 

70.6 

0.135 

0.009 

11 

70.30 

0.18172E 

07 

94.8 

0.20812E 

04 

0.267 13E- 02 

0.506E-04 

9. 

0.00 

0.0042 

94.8 

0.135 

0.013 

12 

72.30 

0.18725E 

07 

94.9 

0.22597E 

04 

0.26612E-02 

0.505E-04 

10. 

0.50 

0.0041 

70.7 

0.138 

0.009 

13 

73.82 

0.19145E 

07 

94.4 

0.23964E 

04 

0.27720E-02 

0.426E-04 

10. 






U 

74.85 

0.19430E 

07 

94.1 

0.24720E 

04 

0.25313E-02 

0.415E-04 

10. 






15 

75.88 

0.19715E 

07 

95 .2 

0.25351E 

04 

0.24539E-02 

0.407E-04 

10. 






16 

76.91 

0.20002E 

07 

95.4 

0.26040E 

04 

0.23726E-02 

0.391E-04 

10. 






17 

77.95 

0.20288E 

07 

95.6 

0.26707E 

04 

0.23040E-02 

0.382E-04 

10. 






18 

78.98 

0.20573E 

07 

95.7 

0.27364E 

04 

0.23007E-02 

0.382E-04 

10. 






19 

80.01 

0.20858F 

07 

95.6 

0.28014E 

04 

0.22553E-02 

0.370E-04 

10. 






20 

81.04 

0.21143E 

07 

95 .8 

0.23645E 

04 

0.21710E-02 

0.358E-04 

10. 






21 

82.07 

0.21428E 

07 

95.7 

0.29281E 

04 

0.22871E-02 

0.375E-04 

10. 






22 

83.10 

0.21713E 

07 

95.9 

0.29917E 

04 

0.21739E-02 

0.368F-04 

10. 






23 

84.13 

0.21998E 

07 

95.6 

0.30525E 

04 

0.20894E-02 

0.358F-04 

10. 






24 

85.16 

0.22284E 

07 

95.8 

0.31130E 

04 

0.21498E-02 

0.369E-04 

10. 






25 

86.20 

0.22570E 

07 

95.7 

0.31738E 

04 

0.21114E-02 

0.361F-04 

10. 






26 

87.23 

0.22855E 

07 

95.6 

0.32355E 

04 

0.22174E-02 

0.374E-O4 

10. 






27 

88.26 

0.23140E 

07 

95.9 

0.32972E 

04 

0.21057E-02 

0.361E-04 

10. 






28 

89.29 

J.2342 5E 

07 

95.9 

0.33564F 

04 

0.20469E-02 

0.354E-04 

10. 






29 

90.32 

0.23710E 

07 

95.3 

0.34158E 

04 

0.21152E-02 

0.358E-04 

10. 






30 

91.35 

0.23995E 

07 

95.9 

0.34750E 

04 

0.20351E-02 

0.356E-04 

10. 






31 

92.38 

0.24280E 

07 

96 .3 

0.35342E 

04 

0.21218E-02 

0.362E-04 

10. 






32 

93.41 

0.2456 6E 

07 

96.0 

0.35929E 

04 

0.19887E-02 

0.348E-04 

10. 






33 

94.45 

0.24852E 

07 

95.9 

0.36502F 

04 

0.20308E-02 

0.352E-04 

10. 






34 

95.48 

0.25137E 

07 

95.2 

0.37090E 

04 

0. 209 29 E- 02 

0.355E-04 

11. 






35 

96.51 

0.25422E 

07 

95.8 

0.37684E 

04 

0.206 83F-02 

0.370E-04 

11. 






36 

97.54 

0.25707E 

07 

95.0 

0.38269E 

04 

0.20347E- 02 

0.408E-04 

11. 
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STANTON NUMBER HATA RUN 121073 


*** DISCRETE HOLE RIG *♦* NAS-3-14336 


T1NF» 67.4 UINF= 53.4 XVO= 4.610 RHO= 0.07520 CP= 0.242 V1SC= 0.16112E-03 »R-«0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE=44.690 P/0^10 

UNCERTAINTY IN REX»27593. UNCERTAINTY IN F»0. 03025 IN RATIO 


** H»0.5, HOT RUN, HIGH RE, STEP T-MALL AT 1ST PLATE. 


PLATE 

X 

REX 


TO 

REENTH 


STANTDN MO 

DST 

OREEN 

H 

F 

T2 

THFtj 

OTH 

1 

50.30 

0.12607E 

07 

96.8 

0.10582E 

03 

0.38349E-02 

3.549E-04 

2. 






2 

52.30 

0.13159E 

07 

96.9 

0.52253E 

03 

0.30321E-02 

0.502E-04 

5. 

0.51 

0.0041 

96.9 

1.300 

0.012 

3 

54.30 

0.1371 IE 

07 

96.9 

0.91208E 

33 

0.28506E-02 

0.492E-04 

7. 

0.00 

0.0041 

96.9 

1.000 

0.012 

4 

56.30 

0.14263E 

07 

97.0 

0.12811E 

04 

0.271 37E-02 

0.484E-04 

9. 

0.51 

0.3042 

95.1 

0.937 

0.012 

5 

58.30 

0.14815E 

07 

96.8 

0.16420F 

04 

0.255 71E-02 

0.479E-04 

11. 

0.00 

0.0042 

96.9 

3.937 

0.012 

6 

60.30 

0.15367E 

07 

97.0 

0.202 06E 

04 

0.24958E-02 

0.474E-04 

12. 

0.56 

0.3345 

95.8 

0.960 

0.012 

7 

62.30 

0.15919E 

07 

96.8 

0.23950E 

04 

0.24033E-02 

0.472E-04 

13. 

0.00 

0.3045 

96.8 

3.960 

0.912 

8 

64.30 

0.16470E 

07 

96.9 

0.27380E 

04 

0.23212E-02 

0.467E-04 

15. 

0.48 

0.0039 

96.6 

0.991 

0.012 

9 

66.30 

0. 17022E 

07 

96.8 

0.30763E 

04 

0.22295F-02 

0.465E-04 

15. 

0.00 

0.0039 

96.8 

0.991 

0.012 

10 

68.30 

0.17574F 

07 

97.0 

0.34362E 

04 

0.222 75E- 02 

0.462E-04 

16. 

0.54 

0.3344 

96.2 

3.975 

0.312 

11 

70.30 

Q.18126E 

07 

96 .8 

0.37938E 

04 

0.21459E-02 

0.460E-04 

17. 

0.00 

0.0044 

96.8 

0.975 

0.012 

12 

72.30 

0.1867EE 

07 

97.0 

0.41424E 

04 

0.200 23E-02 

0.453E-04 

19. 

0.52 

0.3^42 

97.4 

1.015 

0.012 

13 

73.82 

0.19097E 

07 

96.9 

0.44078E 

04 

0.22974E-02 

0.355E-04 

19. 






14 

74.85 

0.19332E 

07 

96.6 

0.44705E 

04 

0.21140E-02 

0.351E-04 

19. 






15 

75.88 

0.19666E 

07 

97.6 

0.44696E 

04 

0.20643E-02 

0.348E-04 

19. 






16 

76.91 

0.19951E 

07 

97.7 

0.45278E 

04 

0.20251E-02 

0.338E-04 

19. 






17 

77.95 

0.2023 7E 

07 

98.0 

0.45848E 

04 

0.19800E-02 

0.333E-04 

19. 






18 

78.98 

0.20521E 

07 

98. i 

0.46409E 

04 

0.19603E-02 

0.332E-04 

19. 






19 

80.01 

0.20 80 5E 

07 

97.9 

0.46968E 

04 

0.19710E-02 

0.326E-04 

19. 






20 

81.04 

0.2109 OF 

07 

98.1 

0.47517E 

04 

0.18916E-02 

0.316E-04 

19. 






21 

82.07 

0.21374E 

07 

98.1 

0.48068E 

04 

0.19765F-02 

0.329E-04 

19. 






22 

83.10 

0.21658E 

07 

98.0 

0.48624E 

04 

0.19354E-02 

0.331E-04 

19. 






23 

84.13 

0.21942E 

07 

97.9 

0.49161E 

04 

0.18387E-02 

0.320E-04 

19. 






24 

85.16 

0.22228E 

07 

98.1 

0.49691E 

04 

0.18848E-02 

0.329E-04 

19. 






25 

86.20 

0.22513E 

07 

98.0 

0.50225E 

04 

O.10663E-O2 

0.324E-04 

19. 






26 

87.23 

0.22798E 

07 

97.8 

0.50773E 

04 

0.19865E-02 

0.337E-04 

19. 






27 

88.26 

0.2308 2E 

07 

98.3 

0.51319E 

04 

0.18487E-02 

0.322E-04 

19. 






28 

89.29 

0.23366E 

07 

98.2 

0.51842E 

04 

0.182 78E-02 

0.319E-04 

19. 






29 

90.32 

0.23650E 

07 

97.6 

0.52369E 

04 

0.18774E-02 

0.3Z1E-04 

19. 






30 

91.35 

0.23934E 

07 

98.1 

0.52900E 

04 

0.135 70F-02 

0.326E-04 

19. 






31 

92.38 

0.24219E 

07 

98.4 

0.53432E 

04 

0.18823E-02 

0.326E-04 

19. 






32 

93.41 

0.24504E 

07 

97.9 

0.53957E 

04 

0.18101E-02 

0.319E-04 

19. 






33 

94.45 

0.24790E 

07 

98.0 

0.54475E 

04 

0.182 87F-02 

0.321E-04 

19. 






34 

95.48 

0.25074E 

07 

97.2 

0.55004E 

04 

0.18881E-02 

0.323E-04 

19. 






35 

96.51 

0.25358E 

07 

97.8 

0.55537E 

04 

0.18615E-02 

0.338E-04 

19. 






36 

97.54 

0.25642E 

07 

97.0 

0.56065E 

04 

0.18451E-02 

0.370E-04 

19. 
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FOLLOWING IS THE DATA FOR THETA=0 AND thE^A*!, WHICH WAS 03T4INFD BY LINF4P RI.'PFOPO? ITION THEORY. 
THIS DATA WAS PROOUCEn FROM RUN 121773 AND RUN 121873 

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEAS" SEE the aoovE ’'wn RUNS 


PLATE 

REXCOL 

RE 0EL2 

St<TH=OI 

REXHOT 

RE DEL2 

ST(TH=1) 

ETA 

STCR 

f-:tl 

sthr 

F-HOT 

PHI-1 

1 

1263917.0 

109.2 

0.003949 

1260738.0 

105.8 

0.003835 

UULIUII 

UUUU'J 

0.0000 

JUUUUU'J 

O.OOTO 

u'juuii 

2 

1319243.0 

314.7 

0.003478 

1315925.0 

522.6 

0.DO3O32 

0.128 

0.913 

0.0043 

1.094 

0.0041 

1.732 

3 

1374568.0 

497.9 

0.003143 

1371112.0 

912.2 

0.002851 

0.09 3 

0.924 

0.0043 

1.093 

0.0041 

1.767 

4 

1429894.0 

672.0 

0. 0031 50 

1426298.0 

1294.8 

0.002685 

0.148 

0.997 

0.0042 

1.073 

0.0042 

1.777 

5 

1485220.0 

841.2 

0.002968 

1481485.0 

1668.5 

0.002530 

0.148 

0.993 

0.0042 

1.043 

0. 0042 

1.765 

6 

1540546.0 

1008.8 

0. 003091 

1536672.0 

2055.5 

0.002471 

0.201 

1.081 

0.0041 

1.045 

0. 0045 

1.838 

7 

1595872.0 

1174.6 

0. 0029 03 

1591858.0 

2438.6 

0.302383 

0.179 

1 .053 

0.0041 

1.030 

0.0045 

1.B36 

8 

1651197.0 

1336.5 

0.002949 

1647045.0 

2782.8 

0.002316 

0.215 

1.104 

0.0043 

1.021 

0.0039 

1.739 

9 

1706523.0 

1494.4 

0. 002761 

1702231.0 

3122.7 

0.002225 

0.194 

1.063 

0.0043 

0.997 

0.0039 

1.725 

10 

1761849.0 

1652.6 

0.002958 

1757418.0 

34 88.0 

0.002209 

0.253 

1.166 

0.0042 

1.006 

0.0044 

1.328 

11 

1817175.0 

1810.7 

0.002756 

1812605.0 

3850.6 

0.002131 

0.227 

1.111 

0.0042 

0.984 

0.0044 

1.814 

12 

1872500.0 

1963.4 

0.002765 

1867791.0 

4195.7 

0.002013 

0.272 

1.137 

0.0041 

0.942 

0.0042 

1.740 

13 

1914548.0 

2080.5 

0.002846 

1909733.0 

4458.5 

0.002284 

0.197 

1.136 


1.078 



14 

1943041.0 

2158.1 

0.0025 96 

1938154.0 

4520.9 

0.002102 

0.190 

1.092 


0.998 



15 

1971534.0 

2231.0 

0.002515 

1966576.0 

4520.6 

0.002053 

0.183 

1.067 


0.981 



16 

2000164.0 

2301.5 

0.002427 

1995134.0 

4578.5 

0.002015 

0.169 

1.038 


0.968 



17 

2028796.0 

2369.7 

0.002355 

2023694.0 

4635.2 

0.001971 

0.163 

1.015 


0.952 



18 

2057288.0 

2436.9 

0.002354 

2052115.0 

46 91.0 

0.001951 

0.171 

1.023 


0.947 



19 

2085781.0 

2503.2 

0.002300 

2080536.0 

4746.7 

0.001963 

0.146 

1.007 


0.958 



20 

2114274.0 

2567.6 

0.002215 

2108957.0 

4801.4 

0.001884 

0.149 

0.976 


0.924 



21 

2142767.0 

2632.5 

0.002336 

2137378.0 

4856.2 

0.001968 

0.157 

1.037 


0.970 



22 

2171260.0 

2697.4 

0.002211 

2165799.0 

4911.7 

0.001929 

0.12 3 

0.988 


0.95P 



23 

2X99752.0 

2759.3 

0.002129 

2194220.0 

4965.2 

0.001832 

0.13 9 

0.958 


0.911 



24 

2228383.0 

2320.9 

0.002191 

2222779.0 

5018.0 

0.001878 

0.143 

0.992 


0.938 



25 

2257014.0 

2882.8 

0,0021 50 

2251338.0 

5071.1 

0.001860 

0.135 

0.979 


0.933 



26 

2285507.0 

2945.6 

0.0022 53 

2279759.0 

5125.8 

0.001980 

0.12 1 

1.033 


0.997 



27 

2314000.0 

3008.4 

0.002146 

2308181.0 

5180.1 

0.001842 

0.142 

0.989 


0.932 



28 

2342493.0 

3063.6 

0.002081 

2336602.0 

5232.2 

0.001822 

0.125 

0.965 


0.925 



29 

2370986.0 

3129.0 

0.0021 52 

2365023.0 

5284.8 

0.001871 

0.131 

1.003 

'T 

0.954 



30 

2399478.0 

3189.2 

0.002063 

2393444.0 

5337.8 

0.001852 

0.10? 

0.967 


0.948 



31 

2427971.0 

3249.4 

0.002159 

2421865.0 

5390.8 

0.001676 

0.131 

1 .017 


0.964 



32 

2456602.0 

3308.9 

0.002017 

2450424.0 

5443.2 

0.001805 

0.105 

0.955 


0.931 



33 

2485233.0 

3367.1 

0.0023 62 

2478983.0 

5494.8 

0.001823 

0.116 

0.981 


0.944 



34 

2513726.0 

3426.8 

0.0021 25 

2507404.0 

5547.5 

0.001882 

0.114 

1.016 


0.978 



35 

2542219.0 

3487.1 

0.002101 

2535825.0 

5600.7 

0.001856 

0.117 

1.009 


0.967 



36 

2570711.0 

3546.5 

0.0020 64 

2564247.0 

5653.3 

0.001840 

0.109 

0.996 


0.962 
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STANTnN NUI>*BER DATA RUN 121673-1 *** OISCRE'^E HOLE PIG NAS-3-1A336 


TINF» 61.7 UINF« 53-5 XVO* 4.610 RHO- 0.07596 CP« 0.241 V!SC» 0.158226-03 PR-0.716 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-44.690 P/D-10 

UNCERTAINTY IN REX-28173. UNCERTAINTY IN F«0. 03025 IN RATIO 


*• M-1.0, COLD RUN, HIGH RE, STEP T-HALL AT 1ST PLATE. 


PLATE X 

PEX 


TO 

reenth 


STANTON NO 

OST 

0R6EN 

M 

c 

T2 

THETA 

0’’H 

1 

50.30 

0.12872E 

07 

90.4 

0.11088E 

03 

0.393 57E-02 

0.563E-04 

2. 






2 

52.30 

0.1343 6E 

07 

90.3 

0.38899E 

03 

0.341 72E-02 

0.532E-04 

4. 

1.02 

0. 00 83 

66.1 

0.152 

0.009 

3 

54.30 

0.13999E 

07 

90.4 

0.64400E 

03 

0.31156E-02 

0.514E-04 

6 . 

0.00 

0.0083 

90.4 

0.152 

0.012 

4 

56.30 

0.14563E 

07 

90.4 

0.89018E 

03 

0.322 76E-02 

0.520E-04 

7. 

l.Ol 

0.0082 

65.9 

0.147 

0.009 

5 

58.30 

0.15126E 

07 

90.4 

0.11341E 

04 

0.30349F-02 

0. 5096-04 

8. 

0.00 

0.00 82 

90.4 

0.147 

0.012 

6 

60.30 

0.15690E 

07 

90.4 

0.13829E 

04 

0.32167E-02 

0.519E-04 

10. 

1.02 

0.0083 

66.2 

0.156 

0.009 

7 

62.30 

0.16253E 

07 

90.4 

0.16318E 

04 

0.303 97E-02 

0.509E-04 

10. 

0.00 

0. 00 83 

90.4 

0.156 

0.012 

8 

64.30 

0.16817E 

07 

90.5 

0.18893E 

04 

0.30944E-02 

3.511E-04 

11 . 

1.02 

0.0083 

66.9 

0.181 

0.009 

9 

66.30 

0.17380E 

07 

90.5 

0.21435E 

04 

0. 292 38 E- 02 

0.502E-04 

12. 

0.00 

0.0083 

90.5 

0.181 

0.012 

10 

68.30 

0.17943E 

07 

90.4 

0.24004E 

04 

0.31100E-02 

0.513E-04 

13. 

1.01 

0.0082 

67-1 

0.189 

0.000 

11 

70.30 

0.18507E 

07 

90.4 

0.26574E 

04 

0.292 58E-02 

0.503E-04 

14. 

0.00 

0.00 82 

90.4 

0.189 

0.012 

12 

72.30 

0.19070E 

07 

90-5 

0.29141E 

04 

0.29219E-02 

0. 5026-04 

15. 

0.98 

0.0079 

67.6 

0.206 

0.009 

13 

73.82 

0.19499E 

07 

t.9.4 

0.31106E 

04 

0.30618E-02 

0.459E-04 

15. 






14 

74.85 

0.19789E 

07 

89.0 

0.31963E 

04 

0.283 89E-02 

0. 4496-04 

15. 






15 

75.88 

0.20079E 

07 

90.2 

0.32542E 

04 

0.27750E-02 

0.4436-04 

15. 






16 

76.91 

0-20371E 

07 

90*. 4 

0.33334E 

04 

0.26784E-02 

0. 4246-04 

15. 






17 

77.95 

0.20662E 

07 

90.8 

0.34099E 

04 

0.25882E-02 

0.4126-04 

15. 






le 

78.98 

0.20952E 

07 

90.8 

0.34849E 

04 

0.25739E-02 

0.410E-04 

15. 






19 

80.01 

0.21243E 

07 

90.8 

0.35589E 

04 

0.2 5176E-02 

0.3976-04 

15. 






20 

81.04 

0.21533E 

07 

91.1 

0.36303E 

04 

0.24009E-02 

0.3816-04 

15. 






21 

82.07 

0.21323E 

07 

91 .0 

0.37016E 

04 

0.25065E-02 

0. 3966-04 

15. 






22 

83.10 

0.2211 3E 

07 

91.3 

0.37724E 

04 

0.2 37 03E-02 

0.3856-04 

15. 






23 

64.13 

0.22403E 

07 

91.1 

0.383 96E 

04 

0.22499E-02 

0.3706-04 

15. 






24 

85.16 

0.22695E 

07 

91.2 

0.39060E 

04 

0.23225E-02 

0.382E-04 

15. 






25 

86.20 

0.22986E 

07 

91.3 

0.39725E 

04 

0.225 99F-02 

0.3726-04 

15. 






26 

87.23 

0.23277E 

07 

91.2 

0.40393E 

04 

0.2 33 52E-02 

0.3806-04 

15. 






27 

88.26 

0.23567E 

07 

91 .5 

0.41057E 

04 

0.22357E-02 

0. 3686-04 

15. 






28 

89.29 

0.23857E 

07 

91.6 

0.41695E 

04 

0.21572E-02 

0.3596-04 

15. 






29 

90.32 

0.24147E 

07 

91.0 

0.42330E 

04 

0.22105E-02 

0.3616-04 

15. 






30 

91.35 

0.24437E 

37 

91.8 

0.42958E 

04 

0.21160E-02 

0.3576-04 

15. 






31 

92.38 

0.24728E 

07 

92.1 

0.43585B 

04 

0.21980E-02 

0.3626-04 

15. 






32 

93.41 

0.2501 9E 

07 

91.8 

0.44201E 

04 

0.204 709-02 

0 . 3459-04 

15. 






33 

94.45 

0.2531 IE 

07 

91 .8 

0.44800E 

04 

0. 2 07 36 F- 02 

0.3486-04 

15. 






34 

95.48 

0.25601E 

07 

91 .0 

0.45413E 

04 

0.21432E-02 

0.352E-04 

15. 






35 

96.51 

0.25891E 

07 

91.6 

0.46027E 

04 

0.20855E-02 

0.3636-04 

15. 






36 

97.54 

0.26181E 

07 

90.8 

0.46628E 

04 

0.20546E-02 

0.4006-04 

15. 
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STANTON NUMBE'* DATA RUN 121673-2 •** DISCRETE HOLE RIG *•* NAS-3-14335 

TINF* 65.7 U1NF= 53.3 XVO= 4.610 RHO= 0.07538 CP= 0.241 VISC= 0.16035E-03 ORrO.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE*44.690 o/D=10 

uncertainty IN REX»27693. UNCERTAINTY IN F»0. 03025 IN RATIO 

*• M»1.0t HOT RUN, HIGH RE, STEP T-HALL AT 1ST PLATE. 


PLATE X 

RFX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

N 

F 

T2 

theta 

Oth 

1 

50.30 

0.12653E 

07 

91.6 

0.10735E 

03 

0. 387 63 E- 02 

0.620E-04 

2. 






2 

52.30 

0.13207E 

07 

91.4 

0.71937E 

03 

0.32681E-02 

0.583E-04 

8 . 

0.99 

0.00 80 

89.8 

0.935 

0.013 

3 

54.30 

0.1376 IE 

07 

91.5 

0.13082E 

04 

0.30382E-02 

0.568E-04 

13. 

0.00 

0.0080 

91.5 

0.935 

0.014 

4 

56.30 

0.14314E 

07 

91.4 

0.19073E 

04 

0. 30405 E- 02 

0.569E-04 

16. 

1.00 

0.00 81 

90.4 

0.960 

0.013 

5 

58.30 

0.14B68E 

07 

91.4 

0.25016E 

04 

0.2B641F-02 

0.559E-04 

20. 

0.00 

0.0081 

91.4 

0.96 0 

0.014 

6 

60. 30 

0.15422E 

07 

91.4 

0.31048E 

04 

0.28730E-02 

0.561E-04 

22. 

0.98 

0.00 80 

91.5 

1.006 

0.014 

7 

62.30 

0.15976E 

07 

91.4 

0.37059E 

04 

0. 278 71 E- 02 

0.555E-04 

25. 

0.00 

0.0080 

91.4 

1.006 

0.014 

8 

64.30 

0.16530E 

07 

91.4 

0.43050E 

04 

0.27515E-02 

0.554E-04 

27. 

0.97 

0. 0079 

92.0 

1.024 

0.014 

9 

66.30 

0.17084E 

07 

91.4 

0.48995E 

04 

0.262 32E-02 

D.548E-04 

29. 

0.00 

0.0079 

91.4 

1.024 

0.014 

10 

68.30 

0.1763 8E 

07 

91.4 

0.54936E 

04 

0.26807E-02 

0.551E-04 

31. 

0.96 

0.0078 

92.4 

1.039 

0.014 

11 

70.30 

0.18191E 

07 

91.5 

0.60866E 

04 

0.25841E-02 

0.543E-04 

33. 

0.00 

0.0078 

91.5 

1.039 

0.014 

12 

72.30 

0.18745E 

07 

91.5 

0.66733E 

04 

0.24600E-02 

0.536E-04 

35. 

.0.96 

0,0078 

92.4 

1.035 

0.014 

13 

73.82 

0.19166E 

07 

90.3 

0.71187E 

04 

0.26918E-02 

0.438E-04 

35. 






14 

74.85 

0.1945 IE 

07 

89.7 

0.71930E 

04 

0.25107E-02 

0.443E-04 

35. 






15 

75.88 

0.19737E 

07 

9B.7 

0.71484E 

04 

0.24377E-02 

0.434E-04 

35. 






16 

76.91 

0.20023E 

07 

90.9 

0.72171E 

04 

0.23731E-02 

0.419E-04 

35. 






17 

77.95 

0.20310E 

07 

91.1 

0.72840E 

04 

0.23155E-02 

0.411E-04 

35. 






IB 

78.98 

0.20595E 

07 

91.3 

0.73494E 

04 

0.22661E-02 

0.405E-04 

35. 






19 

80.01 

0.20880E 

07 

91.2 

0.74139E 

04 

0.22506E-02 

0.395E-04 

35. 






20 

81.04 

0.21166E 

07 

91.4 

0.74767E 

04 

0.2 1463 E-02 

0.379E-04 

35. 






21 

82.07 

0.21451E 

07 

91.4 

0.75390E 

04 

0.22178E-02 

0.392E-04 

36. 






22 

83.10 

0.21736E 

07 

91.4 

0.75015E 

04 

0.21581E-02 

0.392E-04 

36. 






23 

84.13 

0.22021E 

07 

91.3 

0.76610E 

04 

0.201 06 E-02 

0.374E-04 

36. 






24 

85.16 

0.22308E 

07 

91 .6 

0.77191E 

04 

0.20539E-02 

0.383E-04 

36. 






25 

86.20 

0.22595E 

07 

91.6 

0.77772E 

04 

0.20161E-02 

0.375E-04 

36. 






26 

87.23 

0.22880E 

07 

91.4 

0.78365E 

04 

0.2 14 13 E-02 

0.389E-04 

36. 






27 

88.26 

0.23165E 

07 

91 .8 

0.78954E 

04 

0.19803E-02 

0.370E-04 

36. 






28 

89.29 

0.23450E 

07 

91.8 

0.79513E 

04 

0.1 93 65 E-02 

0.364E-04 

36. 






29 

90.32 

0.23736E 

07 

91.3 

0.80072E 

04 

0.19751E-02 

0.365F-04 

36. 






30 

91.35 

0.24021E 

07 

91.8 

0.80628E 

04 

0.192 19E-02 

0.367E-04 

36. 






31 

92.38 

0.24306E 

07 

92.2 

0.81183E 

04 

0.19625E-02 

0.367E-04 

36. 






32 

93.41 

0.24593E 

07 

91 .8 

0.81728E 

04 

0.18579E-02 

0.357E-04 

36. 






33 

94.45 

0.24879E 

07 

91.8 

0.82263E 

04 

0.1 8860 E-02 

0.357E-04 

36. 






34 

95.48 

0.25164E 

07 

91.2 

0.82808E 

04 

0.19286E-02 

0.359E-04 

36. 






35 

96.51 

0.25450E 

07 

91.7 

0.83353E 

04 

0.18925E-02 

0.374E-04 

36. 






36 

97.54 

0.25735E 

07 

91.1 

0.83888E 

04 

0.18542E-02 

0.401E-04 

36. 
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FOLLOWING IS THE DATA FOB THETA=0 AND THETA«1, WHICH WAS OBTAINED BY LINEAS SUPEPPO' I'^? ON thEOPY. 
THIS DATA WAS PRODUCED FROM RUN 121673-1 AND PUN IZ1673-2 


FOP 

THE DETAIL 

CHANGES OF 

PR,OPERTIES 

AND BOUNDARY 

CONOITnNSf PLEAS 

E SEE the above 

TWO 3UN' 




PLATE 

REXCOL 

RE DEL2 

STl TH=0 1 

BEXHO"' RE 

DEL2 

STtTH«U 

eta 

STEP 

F-:OL 

RTh» 

F-HO’’ 

PHl-1 

1 

1287231.0 

110.9 

0.003936 

1265285.0 

107.3 

0.003876 

UUUUU 

UUUUU 

0.0000 

JIIUUUUJ 

0.0000 

U'l'JUU 

2 

1343577.0 

318.9 

0.003446 

1320670.0 

748.0 

0.003256 

0.055 

0.908 

0.0083 

1.176 

0.0080 

2.330 

3 

1399924.0 

50't.l 

0.003131 

1376056.0 

1365.3 

0.003032 

0.032 

0.924 

0.0083 

1.163 

0.0080 

2.377 

4 

1456270.0 

684.2 

0. 003261 

1431442.0 

1981.7 

0.003031 

0.070 

1 .037 

0.0082 

1.212 

0.0081 

2.490 

5 

1512616.0 

362.5 

0.003066 

1486827.0 

2593.3 

0.002856 

0.06 8 

1.030 

0.0082 

1.179 

0.0081 

2.486 

6 

1568962.0 

1041 .2 

0.003280 

1542213.0 

3193.7 

0.002875 

0.123 

1 . 152 

0.0083 

1.217 

0.0080 

2.543 

7 

1625309.0 

1220.6 

0.003086 

1597599 0 

3792.3 

0.002789 

0.096 

1.124 

0.0083 

1 .207 

0.0003 

2.556 

8 

1681655.0 

1396.8 

0.003168 

1652984.0 

4381.3 

0.002761 

0.128 

1.191 

0.0083 

1.218 

0.0079 

2.574 

9 

1738001.0 

1570.2 

0.002988 

1708370.0 

4965.8 

0.002632 

0.119 

1.1P4 

0.0083 

1.181 

0.0079 

2.550 

10 

1794348.0 

1744.7 

0.003206 

1763756.0 

5544.1 

0.002700 

0.158 

1.269 

0.0082 

1.230 

0.0078 

2.613 

11 

1850694.0 

1919.6 

0.003002 

1819141.0 

6121.5 

0.002600 

0.134 

1.214 

0.0082 

1.201 

0.0078 

2.596 

12 

1907040.0 

2089.7 

0.003036 

1874527.0 

6694. 1 

0.002479 

0.183 

1.253 

0.0079 

1.161 

0.0078 

2.567 

13 

1949864.0 

2220.8 

0.003137 

1916620.0 

7128.6 

0.002690 

0.142 

1.313 


1.271 



14 

1978802.0 

2308.6 

0. 002906 

1945144.0 

7202.8 

0.002509 

0.136 

1.227 


1.192 



15 

2007900.0 

2392.1 

0.002844 

1973667.0 

7162.1 

0.002436 

0.143 

1.211 


1.164 



16 

2037059.0 

2473.3 

0,002741 

2002329.0 

7230.7 

0.002372 

0.135 

1.177 


1.140 



17 

2066218.0 

2551.5 

0.0026 44 

2030991.0 

7297.6 

0.002314 

0.125 

1.144 


1.118 



18 

2095237.0 

2628.2 

0.002637 

2059515.0 

7363.0 

0.002265 

0.141 

1.150 


1 .100 



19 

2124255.0 

2703.9 

0.002572 

2088038.0 

7427.5 

0.002249 

0.125 

1.130 


1.098 



20 

2153273.0 

2776.8 

0.002453 

2116562.0 

7490.2 

0.002145 

0.125 

1 .086 


1.053 



21 

2182292.0 

2849.7 

0.002565 

2145086.0 

7552.5 

0.002217 

0.136 

1 .143 


1.003 



22 

2211310.0 

2922.1 

0. 002414 

2173609.0 

7615.0 

0.002157 

0.106 

1.083 


1.069 



23 

2240329.0 

2990.5 

0. 002299 

2202133.0 

76 74.5 

0.002010 

0.126 

1.033 


1.000 



24 

2269488.0 

3058.4 

0.002377 

2230795.0 

7732.5 

0.002053 

0.13 6 

1.080 


1.026 



25 

2298647.0 

3126.5 

0. 002310 

2259457.0 

7790.6 

0.002015 

0.127 

1.056 


1.012 



26 

2327665.0 

3194.6 

0.002375 

2287981.0 

7849.9 

0.002140 

0.099 

1.092 


1 .079 



27 

2356684.0 

3262.3 

0.002288 

2316504.0 

7908.7 

0.001979 

0.135 

1.058 


1.002 



28 

2385702.0 

3327.5 

0 . 00 2 2 02 

2345028.0 

7964.6 

0.001936 

0.121 

1.025 


0.984 



29 

2414721.0 

3392.3 

0.002258 

2373552.0 

8020.4 

0.001974 

0.126 

1.057 


1.007 



30 

2443739.0 

3456.4 

0.002156 

2402075.0 

8076.1 

0.001921 

0.109 

1.014 


0.984 



31 

2472 757.0 

3520.4 

0.002246 

2430599.0 

8131.5 

0.001961 

0.127 

1.062 


1.009 



32 

2501916.0 

3583.3 

0^002086 

2459261,0 

81 86.0 

0.001857 

n.iio 

0.991 


0.959 



33 

2531075.0 

3644.3 

0. 0021 12 

2487923.0 

8230.5 

0.001885 

0.107 

1.000 


0.977 



34 

2560094.0 

3706.7 

0.002187 

2516446.0 

8293.9 

0.001928 

0.119 

1.050 


1.002 



35 

2589112.0 

3769.4 

0.002125 

2544970.0 

8348.4 

0.001892 

0.110 

1.025 


0.9B7 



36 

2618130.0 

3830.7 

0,002095 

2573493.0 

8401.9 

0.001853 

0.116 

1.015 


0.970 
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FOLLOHING FFuFILeS ARE FUR P/U = 10 !»ITH FCP^ PtATF HFATfO 


DISCRETE HOLE RIG NAS-3-lA3ib 
VFLOCITV PROFILE 

UINF= 38.9 FT/SEC X= ‘'0-3 INCHES POPT= 19 

TINF= t>6.2 DEG F PIN?= 2122. PSF 


VIINCHES) 

UtFT/SECl 

Y+ 

U* 

UfiAR 

0.010 

18.06 

9.4 

9.99 

0.4637 

0.011 

18 .62 

10.3 

10. 30 

0.4783 

0.012 

19.13 

11.3 

10. 58 

0.4914 

0.013 

19.67 

12.2 

10. 88 

0.5051 

0.014 

20.22 

13.1 

11.19 

0.5194 

0.015 

20.48 

14.1 

11.33 

0.5260 

0.020 

21.91 

18.8 

12.12 

0.5628 

0.025 

22.77 

23.5 

12.60 

0.5849 

0.035 

24.38 

32.3 

13.48 

0.6251 

0.050 

26.28 

46.9 

14.53 

0.5749 

0.070 

28.55 

65.7 

15.85 

0.7359 

0.095 

31 .63 

89.2 

17.44 

0.8099 

0.120 

34 .11 

112.6 

18. 86 

0.8760 

0.145 

36.11 

136.1 

19.97 

0.9275 

0.17C 

37.46 

159.5 

20. 72 

0.9621 

0.195 

38.19 

183.0 

21-12 

0.9808 

0.220 

38.69 

206.5 

21.40 

0.9935 

0.245 

38.86 

229.9 

21.49 

0.9980 

0.270 

38.94 

253.4 

21.53 

1.0000 


REX= 0.16357E 05 PED2= 548. XVO= 42.21 IN. 

DELI* 0.039 IN. DEL2= 0.027IN. H= 1.45 

CF2= 0.21565E-02 DXVO= 0.30 DOEL1=0.001 3nFl2=0.001 

nrF/2 = 0.205 IN OA'IO 


DU TEMPtRATURE PROFILE 



Yl INCHES) ’■(DEG F ) 

T8AR 

0.25 




0. 24 




0. 23 

0.0065 

95.73 

3.8738 

0.23 

0.0075 

93.88 

0.7775 

0.22 

0.0085 

93.04 

0.7490 

0.22 

0.0C95 

92 .40 

0.7274 

0. 20 

0.0105 

91 .67 

0.7028 

0. 19 

0.0115 

91.09 

0.6831 

0.18 

0.0155 

88.64 

0.5003 

0. 17 

0.0265 

85.74 

3.5025 

0. 15 

0.0415 

83.46 

0.4254 

0.14 

0.0615 

80.14 

0.3134 

0. 13 

0.0065 

76.70 

0.1972 

0.12 

0.1115 

74.17 

0.1116 

0. 12 

0.13b5 

72.61 

0.0583 

0. 12 

0.1615 

71.72 

C.0289 

0. n 

0.1665 

71.28 

0.0140 

0.11 

0.2365 

70.95 

0.0030 

0. 11 

0.3665 

70.86 

0.0000 


0ND2= J.031IN 

. REEN= 

592. 


0END2=0.001 

OREEN* le 

. 


70=103.47 F 
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STANTON NUMBER DATA RUN 013174 *** DISCRETE HOLE RIG *** NAS-3-14336 


TINE* 69-0 UINF= 37.8 XV0*41.550 PHO* 0.07492 CP- 0.242 VISC* 0.16207E-03 PR-0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE- 7.750 P/0- 5 

UNCERTAINTY IN REX-19434. 


** H=0.0i FLAT PLATE RUN, LOW RE, STEP T-WALL AT VIRTUAL ORIGIN OF BL. 


PLATE 

X 

REX 


TO 

reenth 


STANTON NO 

DST 

DREFN 

M 

F 

T2 

THCTJJ 

0’‘H 

1 

50.30 

0.17005E 

06 

98.6 

0.65688E 

03 

0.26O53E-02 

0.660E-''4 

58. 






2 

52.30 

0.20892E 

06 

98.6 

0.76795E 

03 

0.301 99E-02 

0.678E-04 

58. 

0.00 

0.0000 

98.6 

1.000 

0.012 

3 

54.30 

0.24779E 

06 

98-6 

0.88494E 

03 

0. 30001 E- 02 

0.678E-04 

58. 

0.00 

0.0300 

98.6 

1.300 

0.012 

4 

56.30 

0.23666E 

06 

98.6 

0.99958E 

03 

0.28987F- 02 

0.671E-04 

58. 

0.00 

0.0000 

98.6 

1.330 

0.312 

5 

58.30 

0.32552E 

06 

98.6 

0.11103F 

04 

0.27969E-02 

0.666F-04 

58. 

0.00 

0.0000 

98.6 

1.303 

0.312 

6 

60.30 

0.36439E 

06 

98.6 

0.12171E 

04 

0.27010E-02 

0.661E-04 

58. 

0.00 

0.0000 

93.6 

l.OOO 

0.012 

7 

62.30 

0.4032 6E 

06 

98.6 

0.13213E 

04 

0.265 72E- 02 

0.659E-04 

5 8. 

0.00 

0.0300 

03.6 

1.300 

0.312 

8 

64.30 

0.44213E 

06 

98.5 

0.14235E 

04 

0.26051E-02 

0.657F-04 

59. 

0.00 

0.0000 

98.5 

l.OOO 

0.012 

9 

66.30 

0.48100E 

06 

98.6 

0.15230E 

04 

0.25157E-02 

0.651E-04 

50. 

0.00 

0.0300 

08.6 

1.000 

0.012 

10 

68.30 

0.51987E 

06 

98.6 

0.16203E 

04 

0.248 70E-02 

0.649E-04 

59. 

0,00 

0.3000 

98.6 

1.330 

0.012 

11 

70.30 

0.55S74E 

06 

98.7 

0.17160E 

04 

0.24389E-02 

0.646E-04 

59. 

0.00 

0.0000 

98,7 

1.000 

0.012 

12 

72.30 

0.59760E 

06 

98.6 

0.18091E 

04 

0.23502E-02 

0.642E-04 

59, 

0.00 

0.0300 

98.6 

1.300 

0.012 

13 

73.82 

0.62714E 

06 

96.0 

0.18763E 

04 

0.21564F-02 

0.406E-04 

59. 






14 

74.85 

0.64716E 

06 

95.2 

0.19194E 

04 

0.2141BE-02 

0.457E-04 

59. 






15 

75.88 

0.66718E 

06 

95.7 

0.19627E 

04 

0.21798E-02 

0.467E-04 

59. 






16 

76.91 

0.68729c 

06 

95 .8 

0.20062E 

04 

0.21611E-02 

0.461E-04 

59. 






17 

77.95 

0.70741C 

06 

95.8 

0.20495E 

04 

0.21564F-02 

0.461E-04 

59. 






18 

78.98 

0.72742E 

06 

95.8 

0.20934E 

04 

0.22238E-02 

0.472E-04 

59. 






19 

80.01 

0.74744E 

06 

95.7 

0.21377E 

04 

0.21958E-02 

0.456E-04 

59. 






20 

81.04 

0.76746E 

06 

95.8 

0.21808E 

04 

0.210815-02 

0.443E-04 

59. 






21 

82.07 

0.78748E 

06 

95.7 

0.22245E 

04 

0.22523E-02 

0.467E-04 

59. 






22 

83.10 

0.80749E 

06 

95.8 

0.22685E 

04 

0.2 13 66E-02 

0.466E-04 

59. 






23 

84.13 

0.827515 

06 

95.5 

0.23106E 

04 

0.20656F-02 

0.458E-04 

59. 






24 

85.16 

0.84763E 

06 

95.4 

0.23527E 

04 

0.21425E-02 

0.474E-04 

59. 






25 

86.20 

0.86774E 

06 

95.6 

0.23948E 

04 

0.20543E-02 

0.464F-04 

59. 






26 

87.23 

0.88776E 

06 

94.6 

0.24365E 

04 

0.21038E-02 

0.472E-04 

59. 






27 

88.26 

0.90777E 

06 

95.3 

0.24786E 

04 

0.21034E-02 

0.471E-04 

59. 






28 

89.29 

0.92779E 

06 

95.2 

0.25201E 

04 

0. 203 72 E- 02 

0.459E-04 

59, 






29 

90.32 

0.94781E 

06 

94.9 

0.25616E 

04 

0.21043E-02 

0.464E-04 

59. 






30 

91.35 

0.96783E 

06 

94.6 

0.26026E 

04 

0.19805E-02 

0.462E-04 

59. 






31 

92.38 

0.98734E 

06 

95.8 

0.26439E 

04 

0.21457E-02 

0.473E-04 

59. 






32 

93.41 

3.10080E 

07 

95.8 

0.26854E 

04 

0.199 79E-02 

0.454E-04 

59. 






33 

94.45 

0.10281E 

07 

95.8 

0.27258E 

04 

0.202 74 E-02 

0. 4515-04 

59. 






34 

95.43 

0.10481E 

07 

95.2 

0.27674E 

04 

0.21304E-02 

0.459E-04 

59. 






35 

96.51 

0.10681E 

07 

95.6 

0.28093E 

04 

0.20461F-02 

0.477E-04 

59. 






36 

97.54 

0.10881E 

07 

94.8 

0.28499E 

04 

0.201 15E-02 

0.520E-04 

59. 
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STANTON NUUBfR DATA RUN 020374 *** DISCRETE HOLE RIG **♦ NAS-3-14336 


TINE- 67.3 UINF« 37.2 XV0*41.550 RHO* 0.07555 CP* 0.241 VISC* 0.16042E-03 pR*0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE* 7.750 P/D» 5 

UNCERTAINTY IN REX-19337. UNCERTAINTY IN F*0. 03105 IN RATIO 


*• M*0.2f COLO RUNi LOW REt STEP T-WALL AT VIRTUAL ORIGIN OF BL. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

DREEN 

M 

F 

T2 

’•META 


1 

50.30 

0.16919E 

06 

96.0 

0.65357E 

03 

0.271 83E-02 

0.685E-04 

58. 






2 

52.30 

0.20787E 

06 

95.9 

0.80387E 

03 

0.33612E-02 

0.726E-04 

58. 

0.21 

0.0068 

74.4 

0.248 

0.009 

3 

54. 30 

0.24654E 

06 

95.9 

0.10039E 

04 

0.36065E-02 

0.742E-04 

58. 

0.21 

0.0068 

74.4 

0.249 

0.009 

4 

56.30 

0.28521E 

06 

96.0 

0.12084E 

04 

0.35828E-02 

0.739E-04 

58. 

0.21 

0.0069 

74.4 

0.246 

0.009 

5 

58.30 

0.32389E 

06 

95.9 

0.14103E 

04 

0.348 02E-02 

0.733E-04 

58. 

0.21 

0.0969 

74.3 

0.244 

0.009 

6 

60.30 

0.36256E 

06 

95.9 

0.16072E 

04 

0.33727E-02 

0.726E-04 

58. 

0.21 

0.0068 

74.2 

0.243 

0.009 

7 

62.30 

0.40123E 

06 

95 .9 

0.18014E 

04 

0.33214E-02 

0.724E-04 

58. 

0.21 

0.0068 

74.4 

0.249 

0.009 

8 

64.30 

0.43991E 

06 

96.0 

0.19936E 

04 

0.321 17E-02 

0.715E-04 

59. 

0.21 

0.00 70 

74.3 

0.246 

0.009 

9 

66.30 

0.47838E 

06 

96.0 

0.21822E 

04 

0. 31672 E- 02 

0.712E-D4 

59. 

0.21 

0.0069 

74.3 

0.243 

0.009 

10 

68.30 

0.51725E 

06 

96.0 

0.23683E 

04 

0.314 79E-02 

0.710F-04 

59. 

0.21 

0.0069 

74.2 

0.239 

0.009 

11 

70.30 

0.55593E 

06 

96.0 

0.25523E 

04 

0.310B0E-02 

0.708E-04 

59. 

0.21 

0.0069 

74.0 

0.234 

0.009 

12 

72.30 

0.59460E 

06 

95.9 

0.27341E 

04 

0.30627E-02 

0.707E-04 

59. 

0.22 

0. 00 71 

73.8 

0.227 

0.009 

13 

73. 82 

0.62399E 

06 

93.0 

0.28502E 

04 

0.25677E-02 

0.473E-04 

59. 






14 

74.85 

0.64391E 

06 

92.2 

0.28998E 

04 

0.24122E-02 

0.507E-04 

59. 






15 

75.88 

0.66382E 

06 

92.9 

0.29473E 

04 

0.234 76 E- 02 

0.503E-04 

59. 






16 

76.91 

0.68384E 

06 

93.1 

0.29934E 

04 

0.22831E-02 

0.489F-04 

59. 






17 

77.95 

0.7038 5E 

06 

93.3 

0.30381E 

04 

0.21968E-02 

0.478E-04 

59. 






18 

78.98 

0.72377E 

06 

93.3 

0.30823E 

04 

0.22392E-02 

0.485E-04 

59. 






19 

80.01 

0.74368E 

06 

93.2 

0.31266E 

04 

0.21987E-02 

0.467E-04 

59. 






20 

81.04 

0.76360E 

06 

93 .5 

0.31693E 

04 

0.20836E-02 

0.449E-04 

59. 






21 

82.07 

0.78352E 

06 

93.3 

0.32123E 

04 

0.22264E-02 

0.473E-04 

59. 






22 

83.10 

0.80343E 

06 

93.5 

0.32554E 

04 

0.21036E-02 

0.472E-04 

59. 






23 

84.13 

0.82335E 

06 

93.2 

0.32966E 

04 

0.20278E-02 

0.463E-04 

59. 






24 

85.16 

0.84336E 

06 

93.1 

0.333 77E 

04 

0.20917E-02 

0.478E-04 

59. 






25 

86.20 

0.86338E 

06 

93.2 

0.33787E 

04 

0.202 13E- 02 

0.-469E-04 

59. 






26 

87.23 

0.88329E 

06 

92.3 

0.34193E 

04 

0.20531E-02 

0.476E-04 

59. 






27 

88.26 

0.9032 IE 

06 

92.9 

0.34602E 

04 

0.204 77E-02 

0.475E-04 

59. 






28 

89.29 

0.92313E 

06 

92.3 

0.35007E 

04 

0.201 lOE-02 

0.466E-04 

59. 






29 

90.32 

0.94304E 

06 

92.5 

0.35413E 

04 

0.206 90E-02 

0.471E-04 

59. 






30 

91.35 

0.96296E 

06 

92.3 

0.35810E 

04 

0.19111E-02 

0.467E-04 

59. 






31 

92.38 

0.98288E 

06 

93.4 

0.36212E 

04 

0.21169E-02 

0.481E-04 

59. 






32 

93.41 

0.10029E 

07 

93.4 

0.36618E 

04 

0.19522E-02 

0.459E-04 

59. 






33 

94.45 

0.10229E 

07 

93.4 

0.37011E 

04 

0.199 27E-02 

0.457E-04 

59. 






34 

95.48 

0.1042 8E 

07 

92.9 

0.37417F 

04 

0.20803E-02 

0.463E-04 

59. 






35 

96.51 

0.10627E 

07 

93.2 

0.37824E 

04 

0.19981F-02 

0.483E-04 

59. 






36 

97.54 

0.1082 7E 

07 

92.4 

0.38219E 

04 

0.197 03E-02 

3.529E-04 

59. 
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STANTON NUMBER DATA RUN 020474 *** DISCRETE HOLE RIG NAS-3-14336 


TINE- 72.7 U1NF» 37.5 XV0*41,550 RHO* 0.07454 CP=* 0.242 VISC= 0.16373E-03 PR-0.715 

DISTANCE FROM ORIGIN OF BU TO 1ST PLATE- 7.750 P/D- 5 

UNCERTAINTY IN REX-19103. UNCERTAINTY IN F-0. 03104 IN RATIO 


*• M«0.2t HOT RUNi LOW RE. STEP T-HALL AT VIRTUAL ORIGIN OF BL . 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

OST 

DREEN 

M 

F 

T2 

THETA 

I?TH 

1 

50.30 

0.16715E 

06 

101.6 

0.64567E 

03 

0.26927E-02 

0.682E-04 

57. 






2 

52.30 

0.20535E 

06 

101.4 

0.87987E 

03 

0.28016E-02 

0.691E-04 

58. 

0.22 

0.00 73 

99.5 

0.932 

0.012 

3 

54.30 

0.24356E 

06 

101.5 

0.12340E 

04 

0.282 78E-02 

0.691E-04 

58. 

0.20 

0.00 66 

99.4 

0.927 

0.012 

4 

56.30 

0.28176E 

06 

101.5 

0.15736E 

04 

0.26711E-02 

0.683E-04 

58. 

0.20 

0.00 66 

99.4 

0.927 

0.012 

5 

58.30 

0.31997E 

06 

101.4 

0.19015F 

04 

0.25265E-02 

0.676E-04 

58. 

0.19 

0.0062 

99.8 

0.945 

0.012 

6 

60.30 

0.35818E 

06 

101 .4 

0.22165E 

04 

0.23867E-02 

0.669E-04 

59. 

0.19 

0.0062 

99.4 

0.931 

0.012 

7 

62.30 

0.39638E 

06 

101.4 

0.25118E 

04 

0.229 80E-02 

0.665E-04 

59. 

0.16 

0.0053 

99,9 

0.948 

0.012 

8 

64.30 

0.43459E 

06 

101.5 

0.27975E 

04 

0.21467E-02 

0.657E-04 

59. 

0.17 

0.0057 

100.6 

0.971 

0.012 

9 

66.30 

0.47279E 

06 

101.5 

0.30888E 

04 

0.21133E-02 

0.656E-04 

59. 

0.18 

0.0057 

100.5 

0.965 

0.012 

10 

68.30 

0.51100E 

06 

101.4 

0.33904E 

04 

0.20228E-02 

0.652E-04 

60. 

0.19 

0.0063 

100.7 

0.975 

0.012 

11 

70.30 

0.54920E 

06 

101.4 

0.36964E 

04 

0.198HF-02 

0.651E-04 

60. 

0.18 

0.0058 

101.5 

1.003 

0.012 

12 

72.30 

0.58741E 

06 

101.6 

0.39965E 

04 

0.18188E-02 

0.641E-04 

60. 

0.13 

0.0057 

103.4 

1.062 

0.013 

13 

73.82 

0.61644E 

06 

99.6 

0.41656E 

04 

0.19161E-02 

0.382E-04 

60. 






14 

74.85 

0.63612E 

06 

98.9 

0.42028E 

04 

0.18533E-02 

0.427E-04 

60. 






15 

75.88 

0.65580E 

06 

99.6 

0.42385E 

04 

0.17785E-02 

0.424E-04 

60. 






16 

76.91 

0.67557E 

06 

99.6 

0.42740E 

04 

0.18237E-02 

0.423E-04 

60. 






17 

77.95 

0.69534E 

06 

99.8 

0.43096E 

04 

0.17849E-02 

0.419E-04 

60. 






18 

78.98 

0.71501E 

06 

100.1 

0.43442E 

04 

0.17346E-02 

0.416E-04 

60. 






19 

80.01 

0.73469E 

06 

99.7 

0.43792E 

04 

0.18148E-02 

0.410E-04 

60. 






20 

81.04 

0.7543 6E 

06 

108.0 

0.44141E 

04 

0.17344E-02 

0.398E-04 

60. 






21 

82.07 

0.77404E 

06 

100.1 

0.44485E 

04 

0.17581E-02 

0.409E-04 

60. 






22 

83.10 

0.79372E 

06 

99.7 

0.44835E 

04 

0.179 60F-02 

0.426E-04 

60. 






23 

84.13 

0.81339E 

06 

99.7 

0.45179E 

04 

0.16927E-02 

0.415E-04 

60. 






24 

85.16 

0.83316E 

06 

99.9 

0.45513E 

04 

0.16981E-O2 

0.422E-04 

60. 






25 

86.20 

0.65293E 

06 

99.9 

0.45847E 

04 

0.169 49 E-02 

0.420E-04 

60. 






26 

87.23 

0.8726 IE 

06 

99.0 

0.461 92E 

04 

0.180 48E-02 

0.435E-04 

60. 






27 

88.26 

0.89?r9E 

06 

99.8 

0.46534E 

04 

0.16732E-02 

0.419E-04 

60. 






28 

89.29 

0.91196E 

06 

99.7 

0.46867E 

04 

0.16984E-02 

0.416E-04 

60. 






29 

90.32 

0.93164E 

06 

99.4 

0.47205E 

04 

0.17346E-02 

0.418E-04 

60. 






30 

91.35 

0.95131E 

06 

99.2 

0.47543E 

04 

0.169 74E-02 

0.428E-04 

60. 






31 

92.38 

0.97099E 

06 

100.0 

0.47883E 

04 

0.17538 E-02 

0.428E-04 

60. 






32 

93.41 

0.99076E 

06 

99.6 

0.48228E 

04 

0.174 87E-02 

0.428E-04 

60. 






33 

94.45 

0.10105E 

07 

99.7 

0.48569E 

04 

0.17160E-02 

0.418E-04 

60. 






34 

95.46 

0.10302E 

07 

99.2 

0.48917E 

04 

0.181 71E-02 

0.424E-04 

60. 






35 

96.51 

0.1 049 9E 

07 

99.5 

0.49269E 

04 

0.17573E-02 

0.447E-04 

60. 






36 

97.54 

0.1 069 6E 

07 

98.8 

0.49614E 

04 

0.174 76E-02 

0.480E-04 

60. 
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FOLLOWING IS THE 

DATA FOR 

THETAxO and THETA-1, 

WHICH WAS 

obtained by 

' LINEAR 

: SUPERPOSITION 

THEORY. 



THIS 

DATA WAS 

PRODUCED FROM RUN 020374 AND 

RUN 

020474 








FOR 

THE DETAIL 

changes of 

properties 

AND BOUNDARY 

CONDITIONS, PLEASE 

; SEE THE ABOVE 

TWO RUNS 



PLATE 

REXCOL 

RE 

0EL2 

STI TH-0) 

REXHQT 

RE 

0EL2 

STITh=1) 

FTA 

STCP. 

F-COL 

STHR 

c 

X 

1 

It. 

PHI-1 

1 

169194.8 


653.6 

0. 002713 

167148.5 


645.7 

0.002693 

UUUUU 

UUUUU 

0.0000 

UUUUUU!J 

0.0000 

UUUUU 

2 

207867.8 


775.0 

0.003564 

205353.9 


388.2 

0.502746 

0.220 

1.223 

0.0068 

0.940 

0.0073 

1.921 

3 

246540.9 


919.2 

0.003692 

243559.3 


12 58.3 

0.002744 

0.295 

1.382 

0.0068 

0.072 

0.0066 

1.911 

4 

285214.0 


1070.1 

0.003913 

281764.6 


1612.8 

0.002573 

0.342 

1.430 

0.0069 

0.938 

0.0066 

1.895 

5 

323887.1 


1219.5 

0.003812 

319970.0 


1953.2 

0.002451 

0.357 

1.429 

0.0069 

0.917 

0.0062 

1.836 

6 

362560. 1 


1365.2 

0. 003720 

358175.4 


2279.6 

0.002288 

0.385 

1.426 

0.0068 

0.875 

0.0062 

1.805 

7 

401233.3 


1508.4 

0. 0036 86 

396380.8 


25 84.9 

0.002222 

0.397 

1.442 

0.0068 

0.867 

0.0053 

1.697 

8 

439906.3 


1648.7 

0.003572 

434586.1 


2876.7 

0.002105 

0.411 

1.424 

0.0070 

0.837 

0.0057 

1.723 

9 

478579.4 


1785.9 

0. 003522 

472791.5 


3173.1 

0.002063 

0.414 

1.427 

0.0069 

0.834 

0.0057 

1.738 

10 

517252.5 


1921.9 

0.003514 

51C996.9 


34 79.7 

0.001985 

0.43 5 

1.446 

0.0069 

0.815 

0.O063 

1.812 

11 

555925.6 


2056.6 

0.003452 

549202.3 


3787.7 

0.001986 

0.425 

1.442 

0.0069 

0.327 

0.0058 

1.774 

12 

594598.7 


2189.1 

0.003401 

587407.6 


4082.5 

0.001912 

0.43 8 

1 .440 

0.0071 

0.607 

0.0057 

1.741 

13 

623990.3 


2282.7 

0.002787 

616443.8 


4246.3 

0.001882 

0.325 

1.191 


0.803 



14 

643906.9 


2336.4 

0. 002601 

636119.5 


42 82.8 

0.001824 

0.299 

1.118 


0.783 



15 

663823.5 


2387.7 

0.002539 

655795.3 


4318.0 

0.001749 

0.311 

1.099 


0.755 



16 

683836.6 


2437.3 

0.002438 

675566.3 


4353.0 

0.001800 

0.262 

1.061 


0.782 



17 

703850.0 


2484.9 

0.002336 

695337.7 


4388.1 

0.001764 

0.245 

1.023 


0.770 



18 

723766.6 


2532.2 

0.002409 

715013.4 


4422.3 

0.001708 

0.291 

1.061 


0.750 



19 

743683.3 


2579.4 

0.002328 

734689.2 


4456.8 

0.001795 

0.229 

1.031 


0.793 



20 

763599.9 


2624.6 

0 . 0022 01 

754364.9 


4491.4 

0.001716 

0.220 

0.980 


0.762 



21 

783516.8 


2670.3 

0.002384 

774040.9 


4525.3 

0.001734 

0.273 

1.066 


0.774 



22 

803433.4 


2716.1 

0. 0022 07 

793716.7 


4560.0 

0.001780 

0.194 

0.992 


0.798 



23 

823350.0 


2759.4 

0.002141 

813392.4 


4594.0 

0.001675 

0.217 

0.967 


0.755 



24 

843363.1 


2802.9 

0.002224 

833163.5 


4627.0 

0.001678 

0.246 

1.010 


0.760 



25 

863376.5 


2846.4 

0.002131 

852934.9 


4660.1 

0.001678 

0.213 

0.972 


0.763 



26 

883293.1 


2888.9 

0. 002137 

872610.6 


4694.2 

0.001792 

0.161 

0.979 


0.319 



27 

903209.8 


2931.9 

0.002174 

892286.3 


4728.2 

0.001654 

0.239 

1 .QOO 


0.759 



28 

923126.3 


2974.7 

0.002116 

911962.1 


4761.0 

0.001682 

0.205 

0.978 


0.776 



29 

943043.3 


3017.5 

0.002182 

931638.1 


4794.5 

0.001717 

0.213 

1.013 


0.795 



30 

962959.9 


3059.0 

0.001983 

951313.9 


4828.0 

0.001686 

0.150 

0.924 


0.784 



31 

982876.5 


31C1.1 

0.0022 39 

970989.6 


4861.7 

0.001735 

0.225 

1.048 


0.810 



32 

1002889.0 


3143.6 

0.002021 

990760.7 


4895.9 

0.001738 

0.140 

0.950 


0.815 



33 

1022903.0 


3184.6 

0. 0020 86 

1010532.0 


4929.8 

0.001702 

0.184 

0.984 


0.801 



34 

1042819.0 


3227.0 

0.002169 

1030207.0 


49 64.3 

0.001803 

0.169 

1.027 


0.852 



35 

1062736.0 


3269.3 

0.002079 

1049883.0 


4999.3 

0.001745 

0.161 

0.989 


0.828 



36 

1082652.0 


3310.5 

0. 002045 

1069559.0 


5033.6 

0.001736 

0.151 

0.976 


0.826 
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STANTON NUMBER DATA RUN 020574 *** DISCRETE HOLE RIG NAS-3-14336 


TINF» 67.8 UINF- 36.8 XVO-41.550 RHO« 0.07539 CP* 0.241 VISC* 0.16124E-03 PP«0.713 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE- 7.750 P/D- 5 

UNCERTAINTY IN REX-19011. UNCERTAINTY IN F-0. 03110 IN RATIO 


*• M-0.5, COLO RUNt LOW RE. STEP T-WALL AT VIRTUAL ORIGIN OF BL. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

OST 

DREEN 

H 

F 

T2 

THF^A 

O^H 

1 

50.30 

0.16634E 

06 

96.0 

0.64256E 

03 

0.2 8214E-02 

0.713E-04 

57. 






2 

32.30 

0.204'36E 

06 

96.0 

0.81190E 

03 

0.389 87E- 02 

0.783E-04 

57. 

0.53 

0.0172 

71.4 

0.127 

0.009 

3 

54.30 

0.24239E 

06 

96.1 

0.10504E 

04 

0.43089E-02 

0.812E-04 

57. 

0.55 

0.0178 

71.2 

0.121 

0.009 

4 

56.30 

0.28041E 

06 

96.1 

0.12955E 

04 

0.43717E-02 

0.816E-04 

58. 

0.51 

0.0167 

71.3 

0.124 

0.009 

5 

58.30 

0.31843E 

06 

96.1 

0.15392E 

04 

0.429 74E-02 

0.812E-04 

58. 

0.54 

0.0174 

71.2 

0.120 

0.009 

6 

60.30 

0.35645E 

06 

96.2 

0.17802E 

04 

0.422 26E-02 

0.804E-04 

58. 

0.54 

0.0174 

71.2 

0.119 

0.009 

7 

62.30 

0.39447E 

06 

96.1 

0.202 05E 

04 

0,41215E-02 

0.798E-04 

58. 

0.54 

0.0176 

71.4 

0.127 

0.009 

8 

64.30 

0.43249E 

06 

96.1 

0.22592E 

04 

0. 398 01 E- 02 

O.TBBE-04 

58. 

0.53 

0,0171 

71.5 

0.130 

0.009 

9 

66.30 

0.47051E 

06 

96.1 

0.24928E 

04 

0.386 98E-02 

0.779E-04 

59. 

0.55 

0.0177 

71.4 

0.125 

0.009 

10 

68.30 

0.50853E 

06 

96.1 

0.27217E 

04 

0.3TO21E-02 

0.772E-04 

59. 

0.53 

0.0171 

71.4 

0.127 

0.009 

11 

70.30 

0.54656E 

06 

96.1 

0.29456E 

04 

0.36619E-02 

0.764E-04 

59. 

0.54 

0.0176 

71.3 

0.123 

0.009 

12 

72.30 

0.5845 8E 

06 

96.0 

0.31641E 

04 

0. 35561 E-02 

0.759E-04 

59. 

0.52 

0.0169 

71.4 

0.125 

0.009 

13 

73.82 

0.6134 7E 

06 

92.7 

0.33001E 

04 

0.28640E-02 

6.524E-04 

59. 






14 

74.85 

0.63305E 

06 

92.1 

0.33538E 

04 

0.26074E-02 

0.546E-04 

59. 






15 

75.88 

0.65264E 

06 

93.1 

0.34028E 

04 

0.23917E-02 

0.520E-04 

59. 






16 

76.91 

0.67231E 

06 

93.4 

0.34482E 

04 

0.224 19E-02 

0.492E-04 

59. 






17 

77.95 

0.69199E 

06 

93.6 

0.34907E 

04 

0.20928E-02 

0.473E-04 

59. 






18 

78.98 

0.7H57E 

06 

93.7 

0.35315E 

04 

0.207 48 E-02 

0.472E-04 

59. 






19 

80.01 

0.7311SE 

06 

93.6 

0.35714E 

04 

0.19944E-02 

0.447E-04 

59. 






20 

81.04 

0.75073E 

06 

94.1 

0.36095E 

04 

0.18844E-02 

0.430E-04 

59. 






21 

82.07 

0.77031E 

06 

93.9 

0.36476E 

04 

0.20068E-02 

0.451E-04 

59. 






22 

83.10 

0.78989E 

06 

94.1 

0.36858E 

04 

0.18904E-02 

0.451E-04 

59. 






23 

84.13 

0.80947E 

06 

93.8 

0.37222E 

04 

0.182 85 E-02 

0.446E-04 

59. 






24 

85. 16 

0.8291SE 

06 

93.7 

0.37587E 

04 

0.18907E-02 

0.460E-04 

59. 






25 

86.20 

0.84883E 

06 

93.8 

0.37949E 

04 

0.18052E-02 

0.451E-04 

59. 






26 

87.23 

0.8684 IE 

06 

92.8 

0.38313E 

04 

0.19029E-02 

0.466E-04 

59. 






27 

88.26 

0.88799E 

06 

93.4 

0.38684E 

04 

0.18816E-02 

0.462E-04 

60. 






28 

89.29 

0.90757E 

06 

93.4 

0.39047E 

04 

0.18219E-02 

0.450E-04 

60. 






29 

90.32 

0.92715E 

06 

93.0 

0.39416E 

04 

0.194 82E-02 

0.462E-04 

60. 






30 

91.35 

0.94673E 

06 

92.9 

0.39783E 

04 

0.17955E-02 

0.460E-04 

60. 






31 

92.38 

0.96631E 

06 

93.9 

0.40152E 

04 

0.19572E-02 

0.469E-04 

60. 






32 

93.41 

0.98599E 

06 

93.9 

0.40525E 

04 

0.18361E-02 

0.452E-04 

60. 






33 

94.45 

0.10057E 

07 

93.9 

0.40890E 

04 

0.18B77E-02 

0.451E-04 

60. 






34 

95.48 

0.10252E 

07 

93.3 

0.41270E 

04 

0.19903E-02 

0.458E-04 

60. 






35 

96.51 

0.10448E 

07 

93.6 

0.41652E 

04 

0.19077E-02 

0.481E-04 

60. 






36 

97. 54 

0.10644E 

07 

92.7 

0.42024E 

04 

0.18816E-02 

0.533E-04 

60. 
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STANTON NUMBEP DATA PUN 020674 *** DISCRFTF HOLE RIG *** NAS-3-14336 


TINE* 69.7 UINF* 37.1 XVO-41.550 RHO= 0.07535 CP* 0.241 VISC* 0.161S0F-O3 P»»0.713 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE* 7.750 P/0* 5 

UNCERTAINTY IN PEX«19128. UNCERTAINTY IN F«0. 03107 IN RATIO 


M*0.5f HOT RUN, LOW RE, STEP T-wALL AT VIRTUAL ORIGIN OF 8L . 


PLATE X 

REX 


TO 

REENTH 


STANTON NG 

DST 

DREEN 

M 

c 

T2 

TH«=TA 

DTH 

1 

50.30 

0.16737E 

06 

102.7 

0.64652E 

03 

0.27910E-02 

0.617E-04 

57. 






2 

52.30 

0.20562E 

06 

102.5 

0.10799E 

04 

0.30348E-02 

0.633E-04 

58. 

0.50 

0.0163 

103.5 

1.032 

0.011 

3 

54.30 

0.24388E 

06 

102.6 

0.18682E 

04 

0.305 87E-02 

0.634E-04 

61. 

0.53 

0.0171 

104.9 

1.070 

0.011 

4 

56.30 

0.28214E 

06 

102.6 

0.26643E 

04 

0.28590E-02 

0.622E-04 

63. 

0.51 

0.0165 

104.4 

1.057 

0.011 

5 

58.30 

0.3203 9E 

06 

102.5 

0.344 73E 

04 

0.26969E-02 

0.613E-04 

65. 

0.52 

0.0168 

104.9 

1.073 

O.Oll 

6 

60.30 

0.35865E 

06 

102 .5 

0.42452E 

04 

0.25513E-02 

0.607E-04 

67. 

0.55 

0.0178 

103.8 

1.039 

0.011 

7 

62.30 

0.39690E 

06 

102.4 

0.50506E 

04 

0.239 23E-02 

0.600E-04 

69. 

0.54 

0.0176 

104.4 

1.062 

0.011 

8 

64.30 

0.43516E 

06 

102.4 

0.58236E 

04 

0.22056E-02 

0.591E-04 

71. 

0.49 

0.0160 

104.7 

1.070 

0.011 

S 

66.30 

0.47341E 

06 

102.6 

0.65596E 

04 

0.20598E-02 

0.581E-04 

72. 

0.51 

0.0165 

103.7 

1.033 

0.011 

10 

68.30 

0.51167E 

06 

102.4 

0.73070E 

04 

0.19229E-02 

0.579E-04 

74. 

0.54 

0.0176 

103.2 

1.024 

0.011 

11 

70.30 

0.54992E 

06 

102 .4 

0.80650E 

04 

0.17874E-02 

0.5 748- 04 

76. 

0.55 

0.0179 

102.3 

0.997 

0.011 

12 

72.30 

0.58818E 

06 

102.6 

0.88061E 

04 

0.16458F-02 

0.565E-04 

77. 

0.54 

0.0175 

102.5 

0.997 

0.011 

13 

73.82 

0.61725E 

06 

101.1 

0.91859E 

04 

0.15226E-02 

0.307E-04 

78. 






14 

74.85 

0.63696E 

06 

100.7 

0.92145E 

04 

0.13743E-02 

0.336E-04 

78. 






15 

75.88 

0.65666E 

06 

101.5 

0.92405E 

04 

0.12690E-02 

0.331E-04 

70. 






16 

76.91 

0.67646E 

06 

101.7 

0.92653E 

04 

0.123 60E-02 

0.322F-04 

78. 






17 

77.95 

0.6962 5E 

06 

101.9 

0.92892E 

04 

0.11885E-02 

0.318E-04 

78. 






18 

78.98 

0.71595E 

06 

102.1 

0.93124E 

04 

0.11708E-02 

0.318E-04 

78. 






IS 

80.01 

0.73566E 

06 

101.9 

0.93355E 

04 

0.11730E-02 

0.305E-04 

78. 






20 

81.04 

0.75536E 

06 

102.1 

0.93582E 

04 

0.11222E-02 

0.297E-04 

78. 






21 

82.07 

0.77506E 

06 

102.1 

0.93807E 

04 

0.116548-02 

D.309E-04 

78. 






22 

83.10 

0.79476E 

06 

102.0 

0.94036E 

04 

0. 115128-02 

0.319E-04 

78. 






23 

84.13 

0.81446E 

06 

101.9 

0.94259E 

04 

O.lllOOE-02 

0.316E-04 

78. 






24 

85.16 

0.83426E 

06 

102.0 

0.944808 

04 

0.11291E-02 

0.324E-04 

78. 






25 

86.20 

0.85406E 

06 

102.0 

0.94701E 

04 

O.lllOOE-02 

0.3208-04 

78. 






26 

87.23 

0.87376E 

06 

101.1 

0.94929E 

04 

0.12062E-02 

0.331E-04 

78. 






27 

88.26 

0.89346E 

06 

101.8 

0.95160E 

04 

0.11356E-02 

0.324E-04 

78. 






28 

89.29 

0.91316E 

06 

101.7 

0.95386E 

04 

0.11583E-02 

0.3228-04 

78. 






2S 

90.32 

0.93286E 

06 

101 .3 

0.95621E 

04 

0.12175E-02 

0.325E-04 

78. 






30 

91.35 

0.95257E 

06 

101. 1 

0.95857E 

04 

0.11753E-02 

0.334E-04 

78. 






31 

92.33 

0.97227E 

06 

101.8 

0.94095E 

04 

0.124 72E-02 

0. 3358-04 

78. 






32 

93.41 

0.99206E 

06 

101 .5 

0.96340E 

04 

0.123 60E-02 

0.335E-04 

78. 






33 

94.45 

0.10119E 

07 

101.6 

0.96584E 

04 

0.123 708- 02 

0.329F-04 

78. 






34 

95.46 

0.103168 

07 

101.1 

0.96837E 

04 

0.13225E-02 

0.332F-04 

78. 






35 

96.51 

0.105138 

07 

101.3 

0.97094F 

04 

0.12899E-02 

0.3 568- 04 

78. 






36 

97.54 

0.10710C 

07 

100.5 

0.97346F 

04 

0. 125788-02 

0.386E-04 

78. 
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FOLLOWING IS THE DATA FOR THEta= 0 AND THETA»lt WHICH WAS OBTAINED BY LINEAR SUPERPOSITION ■'HEOPY. 
THIS DATA WAS PRODUCED FROM RUN 020574 AND RUN 020674 


FOR 

THE DETAIL 

CHANGES OF 

PROPERTIES 

AND BOUNDARY 

CONDITIONS, PLEASE 

SEE T 

HE ABOVE 

TWO RUNS 




PLATE 

REXCOL 

RE DEL2 

ST«TH=0) 

REXHQT P.E 

DEL? 

S’‘(TH = 1) 

E^A 

STCB 

F-C3L 

STHo 

P-HOT 

PHI-1 

1 

166343.1 

642.6 

0.002821 

167368.4 

646.5 

0.002791 

UUUUU 

UUUUU 

0.OO90 

UUUUIIUU 

0. 0000 

UUUUU 

2 

204364.4 

772.6 

0.004020 

205624.0 

1070.6 

0.303065 

0.233 

1.373 

0.0172 

1.048 

0.0163 

3.026 

3 

242385.7 

934.0 

0. 004468 

243879.6 

1828.5 

0.003151 

0.295 

1.579 

0.0178 

1.115 

0.0171 

3.253 

4 

280407.0 

1105.8 

0.0045 72 

282135.3 

25 87.1 

0.002952 

0.354 

1.664 

0.0167 

1.076 

0.0T6* 

3.185 

5 

318428.3 

1278.3 

0.004500 

320390.9 

3332.8 

0.002810 

0.376 

1.680 

0.0174 

1.050 

0.0168 

3.228 

6 

356449.6 

1448.2 

0. 0044 39 

358646.5 

4097.8 

0.002622 

0.409 

1.695 

0.0174 

1.002 

0.0178 

3.316 

7 

394470.8 

1615.4 

J. 004356 

396902.2 

4872. 8 

0.002506 

0.42 5 

1 .697 

0.0176 

0.978 

0.0176 

3.295 

8 

432492.1 

1778.6 

0.004226 

435157.8 

56 08.3 

0.002338 

0.447 

1.677 

0.0171 

0.929 

0.0160 

3.0°0 

9 

470513.4 

1937.2 

0.004119 

473413.4 

6316.3 

0.002125 

0.484 

1.663 

0.0177 

0.859 

0.0165 

3.074 

10 

508534.7 

2092.5 

0. 004046 

511669.1 

7047.4 

0.001973 

0.512 

1.659 

o.om 

0.810 

0.0176 

3.149 

11 

546556.0 

2244.0 

0.003925 

549924.7 

7799.1 

0.001781 

0.546 

1.632 

0.0176 

0.742 

0.0179 

3.107 

12 

584577.3 

2391.4 

0.003831 

588180.3 

8541.9 

0.001640 

0.572 

1.615 

0.0169 

0.692 

0.0175 

3.003 

13 

613473,6 

2494.1 

0. 0030 46 

617254.7 

8923.0 

0.001583 

0.480 

1.297 


0.675 



14 

633054.5 

2551.2 

0.002775 

636956.3 

8952.7 

0.001430 

0.485 

1.188 


0.613 



15 

652635.4 

2603.3 

0* 0025 44 

656657.9 

8979.8 

0.001320 

0.481 

1.096 


0.569 



16 

672311.3 

2651.5 

0.002378 

676455.0 

9005.5 

0.001281 

0.461 

1.031 


0.556 



17 

691987.3 

2696.6 

0.002215 

696252.4 

9030.2 

0.001229 

0.445 

0.966 


0.537 



18 

711566.3 

2739.8 

0.002197 

715954.0 

9054.3 

0.001211 

0.449 

0.963 


0.532 



19 

731149.2 

2782.0 

0.002106 

735655.6 

9078.2 

0.001210 

0.425 

0.928 


0.534 



20 

750730.1 

2822.1 

0.001988 

755357.3 

9101.5 

0.001157 

0.418 

0.881 


0.513 



21 

770311.4 

2862.4 

0.002121 

775059.2 

9124.8 

0.001203 

0.433 

0.945 


0.537 



22 

789892.3 

2902.7 

0.001991 

794760.8 

9148.4 

0.001184 

0.405 

0.891 


0.531 



23 

809473.3 

2941.1 

0.001926 

814462.4 

9171.3 

0.001142 

0.407 

0.867 


0.515 



24 

829149.1 

2979.5 

0. 001994 

834259.5 

9194.1 

0.001163 

0.417 

0.901 


0.527 



25 

848825.1 

30.17.7 

0. 001900 

854056.9 

9216.8 

0.001141 

0.399 

0.863 


0.519 



26 

868406.1 

3055.9 

0.001997 

873758.5 

9240.2 

0.001238 

0.380 

0.911 


0.565 



27 

887987.0 

3094.9 

0.001983 

893460.1 

9264.0 

0.001169 

0.410 

0.909 


0.537 



28 

907567.9 

3133.1 

0.001912 

913161.8 

92 87.2 

0.001188 

0.379 

0.880 


0.548 



29 

927149.2 

3171.9 

0.002047 

932863.7 

9311.3 

0.001250 

0.389 

0.946 


0.579 



30 

946730.1 

3210.4 

0.001880 

952565.3 

9335.5 

0.001203 

0.360 

0.873 


0.559 



31 

966311.1 

3249.1 

0.002065 

972266,9 

9360.0 

0.001280 

0.38 0 

0.962 


0.5»7 



32 

985986.9 

3288.1 

0.001918 

992064.0 

9385.0 

0.001263 

0.341 

0.897 


0.592 



33 

1005662.0 

3326.3 

0.001976 

1011861.0 

9410.0 

0.001266 

0.359 

0.928 


0.596 



34 

1025243.0 

3366.0 

0.002061 

1031562.0 

9435.8 

0.001353 

0.350 

0.982 


0.639 



35 

1044824.0 

3405.9 

0.001991 

1051264.0 

9462.2 

0.001318 

0.338 

0.943 


0.625 



36 

1064405.0 

3444.7 

0.001966 

1070966.0 

94 37.8 

0.001286 

0.346 

0.934 


0.612 
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STANTON NUMBER DATA RUN 012474 *** DISCRETE HOLE RTG •** NAS-3-14336 


TINF= 71.5 tlINF= 37.8 XV0=41.550 RHQ= 0.07473 CP= 0.241 VTSC* 0.16321E-03 PR*0.714. 

DISTANCE FROM ORIGIN OF BU TO 1ST PLATE= 7.750 P/D»10 

UNCERTAINTY IN REX=19322. 

*• M=0.0f FLAT PLATE RUNtLOH RE, STEP T-WALL AT VIRTUAL ORIGIN OF BL . 


PLATE 

X 

REX 


TO 

REENTH 


STANTON MO 

OST 

DREEN 

M 

F 

T2 

THETA 

OTH 

1 

50.30 

0.16907E 

06 

100.6 

0.65308E 

03 

0.26634E-02 

0.669E-04 

58. 






2 

52.30 

0.2O771E 

06 

100.6 

0.76108E 

03 

0.292 59E- 02 

0.6B3E-04 

58. 

0.00 

0.0000 

100.6 

1.000 

0.012 

3 

54.30 

0.24636E 

06 

100.7 

0.87293E 

03 

0.28625E-02 

0.678F-04 

58. 

0.00 

0.0000 

100.7 

1.000 

0.012 

4 

56.30 

0.28500E 

06 

100.7 

0.98247E 

03 

0.2B0 71E-02 

0.674E-04 

58. 

0.00 

0.0000 

100.7 

1.000 

O.ni? 

5 

58.30 

0.32364E 

06 

100.7 

0.10882E 

04 

0.26645E-02 

0.668F-04 

58. 

0.00 

0.0000 

100.7 

1.000 

0.012 

6 

60.30 

0.36229E 

06 

100.7 

0.11909E 

04 

0.265 17F-02 

0.666E-04 

58. 

0.00 

0.0000 

100.7 

1.000 

0.012 

7 

62.30 

0.40093E 

06 

100.7 

0.12915E 

04 

0.25561E-02 

0.662E-04 

58. 

0.00 

0.0000 

100.7 

1 .000 

0.012 

B 

64.30 

0.43958E 

06 

100.6 

0.13899E 

04 

0.25325E-02 

0.662E-04 

53. 

0.00 

0.0000 

100.6 

1.000 

0.012 

9 

66.30 

0.47822E 

06 

100.7 

0.14859E 

04 

0.243 70E-02 

0.655F-04 

58. 

0.00 

0.0000 

100.7 

1.000 

0.012 

10 

68.30 

0.51686E 

06 

100.7 

0.15806E 

04 

0.24629E-02 

0.657F-04 

58. 

0.00 

0.0000 

100.7 

1.000 

0.012 

11 

70.30 

0.55551E 

06 

100.7 

0.16737F 

04 

0.235 98E-02 

0.652E-04 

58. 

0.00 

0.0000 

100.7 

l.OOO 

0.012 

12 

72.30 

0.59415E 

06 

100.7 

0.17643E 

04 

0.23257E-02 

0.650F-04 

58. 

0.00 

0.0000 

100.7 

1.000 

0.012 

13 

73.82 

0.62352E 

06 

98.1 

0.18305E 

04 

0. 213 29 E- 02 

0.407E-04 

58. 






14 

74.85 

0.64342E 

06 

97.3 

0.18727E 

04 

0.21054E-02 

0.458E-04 

58. 






15 

75.88 

0.66333E 

06 

97.7 

0.19154E 

04 

0.2 17 TOE- 02 

0.472E-04 

58. 






16 

76.91 

0.68332E 

06 

97.7 

0.195B6E 

04 

0. 21654 E- 02 

0.467E-04 

58. 






17 

77.95 

0.70332E 

06 

97.8 

0.20014E 

04 

0.21321E-02 

0.464E-04 

58. 






18 

78.98 

0.72322E 

06 

97.8 

0.20446E 

04 

0.21992E-02 

0.475E-04 

58. 






19 

80.01 

0.74312E 

06 

97.7 

0.20882E 

04 

0.21817F-02 

0.460E-04 

58. 






20 

81.04 

0.76303E 

06 

97.9 

0.21309E 

04 

0.21008F-02 

0.447E-04 

58. 






21 

82.07 

0.78293E 

06 

97.7 

0.21744E 

04 

0.22662E-02 

0.474E-04 

58. 






22 

83.10 

0.80233E 

06 

97.9 

0.22182E 

04 

0.21274F-02 

0.470E-04 

58. 






23 

84.13 

0.82273E 

06 

97 .5 

0.22602E 

04 

0.208 80E-02 

0.466E-04 

58. 






24 

85. 16 

0.84273E 

06 

97.5 

0.23019E 

04 

0.21018E-02 

0.474E-04 

58. 






25 

86.20 

0.86273E 

06 

97.8 

0.23434E 

04 

0.20611E-02 

0.465E-04 

58. 






26 

87.23 

0.88263E 

06 

97.4 

0.23856E 

04 

0.21714E-02 

0.479E-04 

58. 






27 

88.26 

0.90253E 

06 

97.6 

0.24279E 

04 

0.208 30E-02 

0.470E-04 

53. 






28 

89.29 

0.92243E 

06 

97.4 

0.24687E 

04 

0.200 85E-02 

0.459E-04 

58. 






29 

90.32 

0.94234E 

06 

97.1 

0.25094E 

04 

0. 207 26 E- 02 

0.462E-04 

58. 






30 

91..35 

0.96224E 

06 

97.6 

0.25500E 

04 

0.201 04E-02 

0.466E-04 

58. 






31 

92.38 

0.98214E 

06 

98.0 

0.25913E 

04 

0.21338E-02 

0.472E-04 

58. 






32 

93.41 

0.1002 IE 

07 

97.9 

0.26323E 

04 

0.197 72E-02 

0.456E-04 

58. 






33 

94.45 

0.10221E 

07 

97.8 

0.26722E 

04 

0.202 78E-02 

0.456F-04 

58. 






34 

95.48 

0.10420E 

07 

97.4 

0.27132F 

04 

0. 208 56 E- 02 

0.458E-04 

58. 






35 

96. 51 

0.10619E 

07 

97.7 

0.27542E 

04 

0.203 TIE- 02 

0.481E-04 

58. 






36 

97.54 

0.10818F 

07 

97.0 

0.27947E 

04 

0.20267E-02 

0.525E-04 

59. 







216 


STANTON NUMJ^ER DATA RUN 01277-^ 01 SCRETE HOLE RIG *«* NAS-3-14336 


TINF« 68.7 IJINF* 37.7 XV0=41.550 RHO» 0.07537 CP» 0.241 VISC* 0.16119E-03 R*«0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE* 7.750 P/D-10 

UNCERTAINTY IN REX»194Bl. UNCERTAINTY IN F-0. 03100 IN RATIO 


•* M*0.2, COLD RUNt LOW RE, STEP T-WALL AT VIRTUAL ORIGIN OF «L. 


PLATE 

X 

REX 


TO 

REENTH 


STAWON NO 

DST 

OREEN 

H 

8 

72 

theta 

"■'■H 

1 

50.30 

0.17046E 

06 

97.6 

0.65845E 

03 

0.277218-02 

0.6788-04 

58. 






2 

52.30 

0.20942E 

06 

97.4 

0.79017E 

03 

0.31967E-02 

0.707E-04 

58. 

0.21 

0.0017 

75.4 

0.234 

0.009 

3 

54.30 

0.2433 8E 

06 

97.5 

0.92804E 

03 

0. 308 75 E- 02 

0.700E-04 

59. 

0.00 

0.0017 

97.5 

0,234 

0.012 

4 

56.30 

0.28734E 

06 

97.4 

0.10623E 

04 

0.30361E-02 

0.698E-04 

59. 

0.22 

O.OOIS 

75.0 

0.218 

0.009 

5 

58.30 

0.3263 CE 

36 

97.5 

0.11929E 

04 

0.289 73E-02 

0.6888-04 

59. 

0.00 

0.0018 

97.5 

0.218 

0.012 

6 

60.30 

0.36526E 

06 

97.5 

0.13216E 

04 

0.291548-02 

0.690E-04 

59. 

0.22 

0.0018 

75.2 

0.225 

0.009 

7 

62.30 

0.4042 3E 

06 

97-5 

0.I4486E 

04 

0.280828-02 

0.682E-04 

59. 

0.00 

O.OOIS 

97.5 

0.225 

0.012 

8 

64.30 

0.4431 9E 

06 

97.5 

0.15726E 

04 

0.28059E-02 

0. 6838-04 

59. 

0.20 

0.0016 

75.3 

0.229 

0.009 

9 

66.30 

0.43215E 

06 

97.5 

0.16942E 

04 

0. 2 68 61 E- 02 

0.675E-04 

59. 

0.00 

0.0016 

97,5 

0.229 

0.012 

10 

68.30 

0.52111E 

06 

97.4 

0.iai58E 

04 

0.27614E-02 

0.682E-04 

59. 

0.22 

0.0017 

75.2 

0.227 

0.009 

11 

70.30 

0.5t>007E 

06 

97.5 

0.193698 

04 

0.265928-02 

0.675E-04 

59. 

0.00 

O.9017 

97.5 

0.227 

0,012 

12 

72.30 

0.59903E 

06 

97.5 

0.205485 

04 

0.265338-02 

0.674E-04 

59. 

0.22 

0.0018 

74.6 

0.204 

0,00' 

13 

73.82 

0.62865E 

06 

94.6 

0.21417E 

04 

0.24238E-02 

0.449E-04 

59. 






14 

74.85 

0.64871E 

06 

93.8 

0.21895E 

04 

0.23353E-02 

0.4938-04 

59. 






15 

75.88 

0.66878E 

06 

94.3 

0.22329E 

04 

0.23548E-02 

0.500E-04 

59. 






16 

76.91 

0.68894E 

06 

94.5 

0.22797E 

04 

0.230678-02 

0.489E-04 

59. 






17 

77.95 

0.70910E 

06 

94.6 

0.23252E 

04 

0.222 828- 02 

0.481E-04 

59. 






18 

78.98 

0.72917E 

06 

94.4 

0.23711E 

04 

0.23341E-02 

0.496E-04 

59. 






19 

80.01 

0.74923E 

06 

94.5 

0.24172E 

04 

0.22607E-02 

0.474E-04 

59. 






20 

81.04 

0.76930E 

06 

94.7 

0.24614F 

04 

0.21362E-02 

0.4558-04 

59. 






21 

82.07 

0.78936E 

06 

94.5 

0.25063E 

04 

0.233218-02 

0.486E-04 

59. 






22 

83.10 

0.80943E 

06 

94.6 

0.25516E 

04 

0.21824E-02 

0.480E-04 

59. 






23 

84.13 

0.82949E 

06 

94.3 

0.25950E 

04 

0.21359E-02 

0.4768-04 

59. 






24 

85. 16 

0.84965E 

06 

94.3 

0.26384E 

04 

0.218808-02 

0.489E-04 

59. 






25 

86.20 

0.86982E 

06 

94.5 

0.268178 

04 

0.21229E-02 

0.4778-04 

59. 






26 

87.23 

0.839B8E 

06 

94.1 

0.272548 

04 

0.2 22 648-02 

0.490E-04 

59. 






27 

88.26 

0.90995E 

06 

94.3 

0.27692*= 

04 

0.21277E-02 

0.480E-04 

59. 






28 

89.29 

0.93001E 

06 

94.1 

0.28113E 

04 

0.206678-02 

0.471E-04 

59. 






29 

90.32 

0.95008E 

06 

93.8 

0.28535E 

04 

0.213338-02 

0.476E-04 

59. 






30 

91.35 

0.97014E 

06 

94.0 

0.289538 

04 

0.20301E-02 

0.475E-04 

59. 






31 

92.38 

0.99021E 

06 

94.8 

0.293768 

04 

0.218068-02 

0.484E-04 

59. 






32 

93.41 

0.10104E 

07 

94.6 

0.29801E 

04 

0.20490E-02 

0.4688-04 

5 «>. 






33 

94.45 

0.10305E 

07 

94.7 

0.30213E 

04 

0.205 58E-02 

0.4638-04 

59. 






34 

95.48 

0.10506C 

07 

94.2 

0.306358 

04 

0.214188-02 

0.4688-04 

59. 






35 

96.51 

0.10707E 

07 

94.5 

0.31060E 

04 

0.208 958-02 

0.4918-04 

59. 






36 

97i54 

0. 10907E 

07 

93.8 

0.314 79*= 

04 

0.20829E-02 

0.5378-04 

59. 
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STANTON NUMBER DATA RUN 012874 *** niSCBETE HDl.F RIG *** NAS-3-14336 


TINF* 71.9 UINF= 37.8 XVO*41.550 RHO= 0.0747? CP= 0.24? VISC= 0.16318E-03 PR=0.7l*' 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATF- 7.750 P/O-IO 

UNCERTAINTY IN REX=19327. UNCERTAINTY IN F=0. 03100 IN PATIO 


** M»0.2, HOT BUN, LON RE, STEP T-WALL AT VIRTUAL ORIGIN OF BL. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

OR.EEN 

M 

F 

T? 

TH=TA 

OTH 

1 

50.30 

0.16911E 

06 

102.8 

0.65325E 

03 

0.269 36F-02 

0.638E-04 

58. 






2 

52.30 

0.20777E 

06 

102.8 

0.B0B65E 

03 

0.282 13 E-02 

0.645E-04 

58. 

0.17 

0.0014 

100.4 

0.924 

o.on 

3 

54.30 

0.24642E 

06 

102.6 

0.96722E 

03 

0.285 85F-02 

0.650E-04 

58, 

0.00 

0.0014 

102.6 

0.924 

0.012 

4 

56.30 

0.26507E 

06 

102.7 

0.11203E 

04 

0.26711E-02 

0.638E-04 

58. 

0.16 

0.0013 

100.6 

0.932 

0.011 

5 

58.30 

0.32373E 

06 

102.6 

0.12695E 

04 

0.26509E-02 

3 .639E-04 

58. 

0.00 

0.0013 

102.6 

0.932 

0.012 

6 

60.30 

0.36238E 

06 

102.8 

0.14200E 

04 

0.24893E-02 

0.628E-04 

58. 

0.18 

0.0014 

100.7 

0.932 

0.011 

7 

62.30 

0.40104E 

06 

102.6 

0.15679E 

04 

0.2 51 24 E-02 

0.631E-04 

58. 

0.00 

0.0014 

102.6 

0.93’ 

0.012 

8 

64.30 

0.43969E 

06 

102.8 

0.17077E 

04 

0.23798E-02 

0.622E-04 

58. 

0.15 

0.0012 

102.6 

0.994 

O.Oll 

9 

66.30 

0.4783 5E 

06 

102.7 

0.19443E 

04 

0.23514E-02 

0.623E-04 

58. 

0.00 

0.0012 

102.7 

0.904 

0.012 

10 

68.30 

0.51700E 

06 

102.7 

0.19866E 

04 

0.22255E-02 

3.616E-04 

58. 

0.16 

0.0013 

105.1 

1.079 

9.012 

11 

•70.30 

0.55565E 

06 

102.5 

0.21267E 

04 

0.2 24 33 E-02 

0.620E-04 

58. 

0.00 

0.0013 

102.5 

1.079 

0.012 

12 

72.30 

0.59431E 

06 

102.8 

0.22643E 

04 

0.19831E-02 

0.604E-04 

58. 

0.16 

0.0013 

107.4 

1.149 

0.012 

13 

73.82 

0.62368E 

06 

100.1 

0.23664E 

04 

0.21589E-02 

0.399E-04 

58. 






14 

74.85 

0.64359E 

06 

99.2 

0.24089E 

04 

0.21066E-02 

0.442E-04 

58. 






15 

75.88 

0.66350E 

06 

100.0 

0.24359E 

04 

0.204 83E-02 

0.441E-04 

58. 






16 

76. 91 

0.68350E 

06 

99.9 

0.24773E 

04 

0.21071E-02 

0.442E-04 

58. 






17 

77.95 

0.70351E 

06 

100.1 

0.25192E 

04 

0.20895E-02 

0.440E-04 

5 8. 






18 

78.98 

0.72341E 

06 

100.6 

0.25599E 

04 

0.19970E-02 

0.432E-04 

58. 






19 

80.01 

0.74332E 

06 

100.2 

0.26006E 

04 

0.20882E-02 

0-428E-04 

58. 






20 

81.04 

0.76323E 

06 

100.4 

0.26416E 

04 

0.202 38E- 02 

0.418E-04 

58. 






21 

82.07 

0.78313E 

06 

100.6 

0.26820E 

04 

0.20328E-02 

0.427E-04 

58. 






22 

83.10 

0.80304E 

06 

100.1 

0.27233E 

04 

0.21067E-02 

0.446E-04 

58. 






23 

84.13 

0.82295E 

06 

100.1 

0.27642E 

04 

0.19992F-02 

0.434E-04 

58. 






24 

85.16 

0.84295E 

06 

100.5 

0.28036E 

04 

0.19524E-02 

0.434E-04 

58. 






25 

86.20 

0.86295E 

06 

100.4 

0.28427E 

04 

0.19726E-02 

0.433E-04 

58. 






26 

87.23 

0.88286E 

06 

99.7 

0.28832E 

04 

0.20948 E-02 

0.448E-04 

58. 






27 

88.26 

0.90277E 

06 

100.6 

0.29230E 

04 

0.19019F-02 

0.427E-04 

58. 






28 

89.29 

0-92267E 

06 

100.4 

0.29616E 

04 

0.19715E-02 

0.429E-04 

58. 






29 

90.32 

0.94258E 

06 

100.1 

0.30005E 

04 

0.19326E-02 

0.422F-04 

58. 






30 

91.35 

0.96249E 

06 

100.0 

0-30399E 

04 

0.20136E-02 

0.443E-04 

58. 






31 

92.38 

0.98240= 

06 

100.6 

0.30797E 

04 

0.19745E-02 

0.436E-04 

58. 






32 

93.41 

0.10024E 

07 

100.0 

0.31192E 

04 

0.19855E-02 

0.438E-04 

58. 






33 

94.45 

0.10224E 

07 

100.2 

0.31582E 

04 

0.19343F-02 

0.427E-04 

58. 






34 

95.48 

0.10423E 

07 

99.7 

0.31976F 

04 

0.201 55F-02 

0.430F-04 

58. 






35 

96.51 

0.10622F 

07 

100.0 

0.32376E 

04 

0.19952E-02 

0.454E-04 

59. 






36 

97.54 

0.10B21E 

07 

99.4 

0.32773F 

04 

0.19944E-02 

D.485F-04 

59. 
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FbLLOWING 13 the DATA FOP 

THETA=0 AND THETA=1, 

WHICH WAS 

D8’'A1NED RV 

LINEAR 

SUPERPnSl-lDN ’ 

H'DPY. 



THIS 

DATA WAS 

PRODUCED FROM RUN 012774 AND 

RUN 

012874 








FOR 

THE DETAIL 

CHANGES OF 

PROPERTIES 

AND BOUNDARY 

C0N0ITI3NS, PLEARC 

^PP thp APPVP 

TWO RUN' 




PLATE 

REXCOL 

RE DEL2 

ST( TH=0 ) 

REXHQT 

RE 

0EL2 

ST(TH=1) 

FTA 

S^CR 

F-C31 

RTHR 

F-HDT 

PHI-1 

1 

170456.9 

658.5 

0.002772 

169111.9 


653.3 

0.002694 

uuuuu 

UUUUU 

0.0000 

UUUUUU'J 

0.0000 

UUUUU 

2 

209418.6 

777.2 

0.003324 

207766.0 


811.9 

0.002780 

0. 164 

1.142 

0.0017 

0.954 

0.0014 

1.172 

3 

248380.1 

903.6 

0.003165 

246420.2 


973.2 

0.002833 

0.105 

1.125 

0.0017 

1 .006 

0.0014 

1.232 

A 

287341.8 

1026.6 

0.003148 

285074.3 


1128.5 

0.002636 

0.163 

1.152 

0.0018 

0.963 

0.0013 

1.183 

5 

326303.3 

1145.8 

0. 002973 

323728.4 


1279.9 

0.002627 

0.116 

1.116 

0.0018 

0.985 

0.0013 

1.210 

6 

365264.9 

1263.2 

0.003051 

362382.6 


1433.0 

0.002448 

0.198 

1.172 

0.0018 

0.939 

0.0014 

1.191 

7 

404226.5 

1379.2 

0. 002902 

401036.8 


15 83.2 

0.002484 

0.144 

1.137 

0.0018 

0.972 

0.0014 

1.229 

8 

443188.1 

1492.8 

0. 0029 33 

439690.9 


1722.6 

0.002376 

0.190 

1.171 

0.0016 

0.947 

0.0012 

1.166 

9 

482149.7 

1604.3 

0. 002786 

478345.1 


18 59.4 

0.002349 

0.157 

1.131 

0.0016 

0.952 

0.0012 

1.174 

10 

521111.3 

1715.1 

0. 002905 

516999.2 


1998.7 

0.002275 

0.217 

1.198 

0.0017 

0.936 

0.0013 

1.182 

11 

560a2.9 

1825.7 

0.002770 

555653.4 


2136.6 

0.002282 

0.176 

1 .159 

0.0017 

0.953 

0.0013 

1.202 

12 

599034. 5 

1934.1 

0.002798 

594307.5 


2269.7 

0.002089 

0.253 

1.186 

0.0018 

0.884 

0.0013 

1.129 

13 

628645.4 

2013.8 

0.002502 

623684.8 


2368.4 

0.002155 

0.139 

1.071 


0.921 



14 

648710.6 

2063.0 

0.002403 

643591.6 


2410.8 

0.002103 

0.125 

1.035 


0.904 



15 

668775.8 

2111.7 

0. 002445 

663498.4 


2439.6 

0.002044 

0.164 

1.060 


0.884 



16 

688938.2 

2160.0 

0.002365 

683501.0 


24 80.9 

0.002104 

0.111 

1.031 


. 0.915 



17 

709100.9 

2206.6 

0.002269 

703505.4 


2522.7 

0.002087 

0.080 

0.995 


0.914 



18 

729166.1 

2253.8 

0.002433 

723412.2 


2563.3 

0.001992 

0. 181 

1.073 


0.877 



19 

749231.3 

2301.5 

0.002311 

743319.1 


2604.0 

0.002086 

0. 09 8 

1.025 


0.923 



20 

769296.4 

2346.5 

0. 0021 69 

763225.9 


2644.9 

0.002022 

0.068 

0.°67 


0.900 



21 

789361.9 

2392.6 

0.002420 

783133.1 


2685.3 

0.002028 

0.162 

1.084 


0.907 



22 

809427.1 

2439.0 

0.002205 

803039.9 


2726.5 

0.002106 

0.045 

0.993 


0.947 



23 

829492.3 

2483.1 

0. 0021 76 

822946.8 


2767.4 

0.001997 

0.08 2 

0.085 


0.902 



24 

849654.8 

2527.6 

0.002257 

842950.1 


2806.7 

0.001949 

0.137 

1.026 


0.885 



25 

869817.4 

2572.0 

0.002167 

862953.7 


2845.7 

0.001970 

0.091 

0.990 


0.899 



26 

889882.6 

2616.5 

0.002265 

882860.6 


2886.2 

0.002093 

0.076 

1 .039 


0.959 



27 

909947.8 

2661.3 

0. 002194 

902767.4 


2926.0 

0.001898 

0.135 

l.Oll 


0.874 



28 

930013.0 

2704.4 

0.0020 95 

922674.3 


2964.5 

0.001970 

0.06 0 

0.970 


0.911 



29 

950078.5 

2747.5 

0. 002192 

942581.4 


3003.4 

0.001930 

0.120 

1 .019 


0.896 



30 

970143.7 

2789.9 

0.002034 

962488.3 


3042.7 

0.002018 

0.007 

0.949 


0.941 



31 

990208.9 

2832.9 

0. 002241 

982395.2 


3082.5 

0.001971 

0.120 

1 .051 


0.923 



32 

1010371.0 

2876.1 

0.002068 

1002398.0 


3121.9 

0.001984 

0.040 

0.973 


0.933 



33 

1030534.0 

2917.9 

0. 002092 

1022402.0 


3161.0 

0.00193? 

0.076 

O.opR 


0.912 



34 

1050599.0 

2960.8 

0. 0021 79 

1042308.0 


32 00.3 

0.002013 

0.076 

1.034 


0.954 



35 

1070664.0 

3004.0 

0. 0021 17 

1062215.0 


32 40.2 

0.001994 

0.05 8 

1.008 


0.948 



36 

1090729.0 

3046.4 

0.002109 

1082122.0 


3279.9 

0.001993 

0.055 

1.008 


0.051 
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STANTON NUMBER DATA RUN 012974-1 •** DISCRETE HOLE PIG *** NAS-3-14336 


TINE* 69.7 'JINF« 37.2 XVO«41.550 RHO= 0.07497 CR= 0.241 VISC= 0.16217E-03 PR*0,715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750 “/D=10 

UNCERTAINTY IN REX=19109. UNCERTAINTY IN F=0. 03107 IN RA^lo 


•* M*0.5f COLD RUN, LOW RE, STEP t-haLL AT VIRTUAL ORIGIN OF BL. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

OST 

DREEN 

M 

F 

T2 

’•HFTA 

0’’H 

1 

50.30 

0.16720E 

06 

97.3 

0.64588E 

03 

0.277 04E-02 

0.717E-04 

57. 






2 

52.30 

0.20542E 

06 

97.2 

0.T9130E 

03 

0.34396E-02 

0.761E-04 

57. 

0.56 

0.0045 

73.9 

0.155 

0.009 

3 

54.30 

0.24364E 

06 

97.2 

0.94662E 

03 

0.32887F-02 

0.751E-04 

57. 

0.00 

0.9045 

97.2 

0.155 

0.013 

4 

56.30 

0.28186E 

06 

97.1 

0.10977E 

04 

0.33779E-02 

0.760E-04 

57. 

0.54 

0.0044 

73.5 

0.142 

0.009 

5 

58.30 

0.32 00 7E 

06 

97.2 

0.12464E 

04 

0. 31683 E- 02 

D.743E-04 

58. 

0.00 

0.0044 

97.2 

0.142 

0.013 

6 

60.30 

0.35829E 

06 

97.1 

0.13962E 

04 

0.336 91E-02 

0.759E-04 

58. 

0.54 

0.0044 

73.7 

0.149 

0.009 

7 

62.30 

0.39651E 

06 

97.2 

0.15461E 

04 

0. 31770 E- 02 

0.744E-04 

58. 

0.00 

0.0044 

97.2 

0.149 

0.013 

8 

64.30 

0.43473E 

06 

97.1 

0.16946E 

04 

0.32323E-02 

0.752E-04 

58. 

0.54 

0.0043 

73.9 

0.154 

0.309 

9 

66.30 

0.47294E 

06 

97.2 

0.18405E 

04 

0.30411E-02 

0.736E-04 

58. 

0.00 

0.0043 

97.2 

0.154 

0.013 

10 

68.30 

0.511I6E 

06 

97.1 

0.19874E 

04 

0.32388E-02 

0.749E-04 

58. 

0.55 

0.0044 

74.0 

0.159 

0.009 

11 

70.30 

0.54938E 

06 

97.2 

0.21334E 

04 

0.29889E-02 

0.733E-04 

58. 

0.00 

0.0044 

97.2 

0.159 

0.013 

12 

72.30 

0.58760E 

06 

97.1 

0.22718E 

04 

0.30523E-02 

0.737E-04 

58. 

0.54 

0.0043 

73.5 

0.139 

0.009 

13 

73.82 

0.61664E 

06 

94.3 

0.23753E 

04 

0.281 37E- 02 

0.521E-04 

58. 






14 

74.85 

0.63632E 

06 

93.6 

0.24293E 

04 

0.26657E-02 

0.556E-04 

58. 






15 

75.88 

0.65601E 

06 

94.3 

0.24756E 

04 

0.263 30E-02 

3.555E-04 

58. 






16 

76.91 

0.67578E 

06 

94.4 

0.25270E 

04 

0.25844E-02 

0.542E-04 

58. 






17 

77.95 

0.69556E 

06 

94.6 

0.25768E 

04 

0.24767E-02 

0.528E-04 

58. 






18 

78.98 

0.71524E 

06 

94.6 

0.26262E 

04 

0.25347E-02 

0.538E-04 

58. 






19 

80. Ul 

0.73493E 

06 

94.6 

0.26755E 

04 

0.24723E-02 

0.516E-04 

58. 






20 

81.04 

0.75461E 

06 

94.8 

0.27230E 

04 

0.23464E-02 

0.496E-04 

58. 






21 

82.07 

0.77429E 

06 

94.7 

0.27708E 

04 

0.250 23E-02 

0.523E-04 

58. 






22 

83.10 

0.79397F 

06 

94.8 

0.28186E 

04 

0.235 17E- 02 

0.516E-04 

58. 






23 

84.13 

0.81 36 EE 

06 

94.5 

0.28642E 

04 

0.22711E-02 

0.507F-04 

58. 






24 

85.16 

0.83343E 

06 

94.5 

0.29092E 

04 

0.23023E-02 

0.518E-04 

58. 






25 

86.20 

0.85321E 

06 

94.7 

0.29538E 

04 

0.22204E-02 

0.507E-04 

58. 






26 

87.23 

0.87289E 

06 

93.8 

0.29979E 

04 

0.22511E-02 

0.514E-04 

58. 






27 

88.26 

0.8O257E 

06 

94.5 

0.30421E 

04 

0.22441E-02 

0.512E-04 

58. 






28 

89.29 

0.91226E 

06 

94.4 

0.30857E 

04 

0.21768E-02 

0.498E-04 

58. 






29 

90.32 

0.93194E 

06 

94.1 

0.31292E 

04 

0.223 70E- 02 

0.502E-04 

58. 






30 

91.35 

0.95162E 

06 

94.2 

0.31724E 

04 

0.21506E-02 

0.504F-04 

58. 






31 

92.33 

0.97130E 

06 

95.1 

0.32161E 

04 

0. 2 28 06 E- 02 

0.511E-04 

58. 






32 

93.41 

0.99108E 

06 

95.0 

0.32595E 

04 

0.212 54E- 02 

0.491E-04 

58. 






33 

94.45 

0.10109E 

07 

95.1 

0.33016E 

04 

0.21451E-02 

0.486E-04 

58. 






34 

95.48 

0.10305E 

07 

94.5 

0.33447E 

04 

0.223 47E-02 

n.493E-04 

58. 






35 

96.51 

0.10502E 

07 

94.8 

0.33881E 

04 

0.216 76E-02 

0.515E-04 

53. 






36 

97. 54 

0.10699E 

07 

94.0 

0.34305E 

04 

0.2136SF-02 

D.562E-04 

58. 
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STANTON NUMBER DATA RUN 012974-2 DISCRETE HOLE RIG NAS-3-14336 


TINT- 

67.6 

UINF- 

37. 

7 

XV C 

1-41.5 50 

RHO- 0.07528 

CP= 0.241 

Vise 

= 0.16109E-03 


P9-0.715 

m STANCE FROM ORIGIN 

OF 

6L 

TO 1ST 

PLATE- 7 

.750 


P/D-10 







UNCERTAINTY IN REX-19505 

' • 

UNCERTAINTY IN F-0. 03100 

1 IN RATIO 







*• N-0.5, 

HOT RUNt LOW 

RE 

f STEP 

T-WALL AT 

VIRTUAL ORIGIN OF 

BL. 







PLATE 

X 

REX 



TO 

reenth 


STANTON NO 

DST 

DREEN 

M 

F 

▼7 

thcTA 

0’’H 

1 

50.30 

0.17067E 

06 


98.4 

0.65926E 

03 

0.27520E-02 

0.641E-04 

59. 






2 

52.30 

0.20968E 

06 


98.4 

0.93820E 

03 

0.30245E-02 

0.656E-04 

59. 

0.55 

0.0044 

97.2 

0.960 

0.011 

3 

54.30 

0.24869E 

06 


98.4 

0.12212E 

04 

0.29624E-02 

0.652E-04 

59. 

0.00 

0.0044 

98.4 

0.960 

O.Oll 

4 

56.30 

0.28770E 

06 


98.6 

0.14907E 

04 

0.2B930E-02 

0.646E-04 

59. 

0.54 

0.0044 

95.6 

0.904 

0.011 

5 

58.30 

0.32671E 

06 


98.4 

0.17562E 

04 

0.275 80E-02 

0.641E-04 

59. 

0.00 

0.0044 

98.4 

0.904 

O.Oll 

6 

60.30 

0.36572E 

06 


98.6 

0.201 76E 

04 

0.271 78E-02 

0.636F-04 

59. 

0.54 

0.0044 

95.5 

0.900 

O.Oll 

7 

62.30 

0.40472E 

06 


98.4 

0.22764E 

04 

0.26276E-02 

0.634E-04 

59. 

0.00 

0.0044 

98.4 

0.900 

O.Oll 

8 

64.30 

0.44373E 

06 


98.4 

0.251 93E 

04 

0.25663E-02 

0.631E-04 

59. 

0.48 

0.0039 

96.6 

0.941 

O.Oll 

9 

66.30 

0.48274E 

06 


98.4 

0.27595E 

04 

0.24900E-02 

0.626E-04 

60. 

0.00 

0.0039 

98.4 

0.941 

O.Oll 

to 

68.30 

0.52175E 

06 


98.4 

0.30065E 

04 

0.24890E-02 

0.626E-04 

60. 

0.50 

0.0041 

96.7 

0.943 

0.011 

11 

70.30 

0.56076E 

06 


99.5 

0.32522E 

04 

0.242B6E-02 

0.622E-04 

60. 

0.00 

0.0041 

98.5 

0.943 

O.Oll 

12 

72.30 

0.59977E 

06 


98.4 

0.34947E 

04 

0.22817E-02 

0.617E-04 

60. 

0.48 

0.0039 

98.1 

0.990 

O.Oll 

13 

73.82 

0.62942E 

06 


95.4 

0.36758E 

04 

0.22325E-02 

0.409E-04 

60. 






14 

74.85 

0.6495 IE 

06 


94.5 

0.37202E 

04 

0.21816E-02 

0.454E-04 

60. 






15 

75.88 

0.66 96 OE 

06 


95.3 

0.37241E 

04 

0.207 OlE-02 

0.446E-04 

60. 






16 

76.91 

0.68979E 

06 


95.2 

0.37665E 

04 

0.21443E-02 

0.449E-04 

60. 






17 

77.95 

0.70997E 

06 


95.4 

0.38092E 

04 

0.209B6E-02 

0.444E-04 

60. 






18 

78.98 

0.73006E 

06 


95.7 

0.38512E 

04 

0.20774E-02 

0.443E-04 

60. 






19 

80.01 

0.75015E 

06 


95.5 

0.38933E 

04 

0.21100E-02 

0.434E-04 

60. 






20 

81.04 

0.77024E 

06 


95.7 

0.39350E 

04 

0.203 37F.-02 

0.421E-04 

60. 






21 

82.07 

0.79033E 

06 


95.8 

0.39764E 

04 

0.208 TOE- 02 

0.435E-04 

60. 






22 

83.10 

0.81042E 

06 


95.5 

0.40183E 

04 

0.207 98E- 02 

0.445E-04 

60. 






23 

84.13 

0.83051E 

06 


95.4 

0.405 89E 

04 

0.19583E-0? 

0.432E-04 

60. 






24 

85.16 

0.85070E 

06 


95.5 

0.40985E 

04 

0.19803E-02 

0.441E-04 

60. 






25 

86.20 

0.87089E 

06 


95.6 

0.41380E 

04 

0.19409E-02 

0.435E-04 

60. 






26 

87.23 

0.89098E 

06 


94.7 

0.41779E 

04 

0.20334E-02 

0.447F-04 

60. 






27 

88.26 

0.91107E 

06 


95.6 

0.42180E 

04 

0.19456E-02 

0.437E-04 

60. 






28 

89.29 

0.93116E 

06 


95.5 

0.42570E 

04 

0. 193 79 E- 02 

0.430E-04 

60. 






29 

90.32 

0.95125E 

06 


95.1 

0.42963E 

04 

0.19639E-02 

0.431E-04 

60. 






30 

91.35 

0.97134E 

06 


95.1 

0.43355E 

04 

0.19339E-02 

0.439E-04 

60. 






31 

92.38 

0.99 14 3E 

06 


95.8 

0.43748E 

04 

0.19816E-02 

0.439E-04 

60. 






32 

93.41 

0.10116E 

07 


95.5 

0.44140E 

04 

0.191 56E-02 

0.432E-04 

60. 






33 

94.45 

0.10318E 

07 


95.6 

0.44524E 

04 

0.18984E-02 

0.424E-04 

60. 






34 

95.48 

0.10519E 

07 


95.1 

0.44914E 

04 

0.19775E-02 

0.428E-04 

60. 






35 

96.51 

0.I0720E 

07 


95.3 

0.45307E 

04 

0.19328E-02 

0.451E-04 

60. 






36 

97.54 

0.1092 IE 

07 


94.6 

0.45693E 

04 

0.19032P-02 

0.482E-04 

60. 
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FOLLOWING IS THE DATA FOR thETA-0 AND ThETA-1, WHICH WAS OPTAINED BY LINEAR SUPERPOSITION THEORY. 
THIS DATA WAS PRODUCED FROH RUN 01297A-1 AND RUN 012974-2 

FOR THE DETAIL CHANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEASE SEE THE ABOVE TWO RUNS 


PLATE 

REXCOL 

RE 0EL2 

STITH«0) 

REXHQT 

RE DEL2 

ST(Th«1I 

FT 4 

STCP 

F-COL 

'•'HR 

F-HO'' 

PHI-1 

1 

167202.4 

645.9 

0.002770 

170667.0 

659.3 

0.002752 

UUUUU 

UUUUU 

0.0000 

uuuuuuu 

0.0000 

UUUUU 

2 

205420.1 

766.1 

0.003520 

209676.6 

944.8 

0.003004 

0.147 

1.205 

0.0045 

1.032 

0.0044 

1.582 

3 

243637.8 

897.4 

0.003352 

248686.3 

1234.1 

0.002946 

0.121 

1.187 

0.0045 

1.048 

0.0044 

1.718 

4 

281855.4 

1027.7 

0.003468 

287695.8 

1518.5 

0.002832 

0.183 

1.264 

0.0044 

1.037 

0.0044 

1.718 

5 

320073.1 

1156.0 

0.003245 

326705.4 

1798.3 

0.002706 

0.166 

1.213 

0.0044 

1.016 

0.0044 

1.712 

6 

358290.8 

1284.8 

0.00 3498 

365715.1 

2074. 1 

0.002631 

0.248 

1.338 

0.0044 

1.011 

0.0044 

1.720 

7 

396508.5 

1414.5 

0 . 0032 86 

404724.7 

2347.0 

0.002555 

0.223 

1.233 

0.0044 

1.001 

0.0044 

1.722 

8 

434726.2 

1542.0 

0.003387 

443734.3 

2596.3 

0.002515 

0.258 

1.347 

0.0343 

1.004 

0.0039 

1.556 

9 

472943.9 

1666.9 

0.003149 

482743.9 

2843.6 

0.002448 

0.223 

1.273 

0.0043 

0.994 

0.0039 

1.556 

10 

511161.6 

1791.8 

0.003390 

521753.5 

3097.7 

0.002435 

0.282 

1.392 

0.0044 

1.004 

0.0041 

1.708 

11 

549379.3 

1915.9 

0.003102 

56C763.1 

3350.6 

0.002388 

0.230 

1.293 

0.0044 

0.999 

0.0041 

1.712 

12 

587596.9 

2035.9 

0.003178 

599772.7 

3593.7 

0.002272 

0.285 

1.342 

0.0043 

0.963 

0.0039 

1.555 

13 

616642.4 

2125.5 

0.002925 

629420.1 

3775.4 

0.002184 

0.253 

1.247 


0.935 



14 

636324.5 

2181.5 

0.002759 

649510.0 

3818.9 

0.002142 

0.224 

1.184 


0.923 



15 

656006.6 

2235.7 

0.0027 41 

669599.9 

3821.5 

0.002024 

0.262 

1.183 


0.877 



16 

675784. 1 

2289.0 

0.0026 69 

689787.2 

3863.1 

0.002108 

0.210 

1.159 


0.919 



17 

695561.8 

2340.4 

0.002549 

709974.8 

3905.1 

0.002067 

0.189 

1.113 


0.907 



18 

715243.9 

2391.3 

0.002623 

730064.7 

3946.4 

0.002040 

0.222 

1.152 


0.900 



19 

734925.9 

2442.2 

0.002542 

750154.6 

3987.8 

0.002080 

0.182 

1.123 


0.922 



20 

754608.0 

2491.0 

0.002406 

770244.5 

4028.9 

0.002008 

0.166 

1.068 


0.895 



21 

774290.4 

2540.1 

0.002582 

790334.8 

4069.7 

0.002053 

0.205 

1.152 


0.920 



22 

793972.5 

2589.2 

0.002404 

810424.7 

4111.1 

0.002057 

0.144 

1.078 


0.925 



23 

813654.6 

2635.9 

0.002331 

830514.6 

4151.2 

0.001932 

0.171 

1.051 


0.875 



24 

833432. U 

2682.2 

0.002364 

850701.8 

4190.3 

0.001954 

0.174 

1.071 


0.888 



25 

853209.8 

2727.9 

0.002274 

870889.4 

4229.2 

0.001918 

0.157 

1.035 


0.875 



26 

872691.8 

2772.9 

0. 0022 93 

890979.3 

4268.8 

0.002015 

0.121 

1 .048 


0.925 



27 

892573.9 

2813.1 

0. 0023 01 

911069.3 

4308.4 

0.001921 

0.165 

1.057 


0.886 



28 

912256.0 

2862.7 

0.002223 

931159.1 

4347.0 

0.001918 

0.137 

1.025 


0.888 



29 

931938.4 

2907.2 

0. 0022B9 

951249.4 

4385.8 

0.001941 

0.152 

1.060 


0.903 



30 

951620.4 

2951.3 

0.002192 

971339.3 

4424.6 

0.001916 

0.126 

1.019 


0.895 



31 

971302.6 

2995.9 

0.002338 

991429.3 

4463.5 

0.001957 

0.163 

1.092 


0.918 



32 

991079.9 

3040.3 

0.002166 

1011616.0 

4502.3 

0.001898 

0.124 

1.015 


0.894 



33 

1010857.0 

3083.3 

0.002193 

1031804.0 

4540.3 

0.001878 

0.143 

1.032 


0.888 



34 

1030539.0 

3127.4 

0.002284 

1051893.0 

4578.8 

0.001956 

0.144 

1.079 


0.928 



35 

1050221.0 

3171.7 

0.002213 

1071983.0 

4617.8 

0.001913 

0.135 

1.049 


0.911 



36 

1069903.0 

3215.0 

0. 0021 82 

1092073.0 

4655.9 

0.001884 

0.136 

1.039 


0.901 
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STANTON NUMBER DATA RUN 010474 DISCRETE HOLE RIG *** NAS-3-14336 


TINE- 65.2 UINF« 37.6 XV0»20.900 RHO^ 0.0744B CP« 0.241 VISC- 0.16233E-03 PR»0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE»28.400 P/D*10 

UNCERTAINTY IN REX«19307. 

♦♦ M«O.Ot LOW REf STEP T-WALL AT VIRTUAL ORIGIN OF 6Lt ** NO BL TRIP. 


PLATE X 

PEX 


TO 

REENTH 


STANTCN no 

DST - 

DREEN 

H 

F 

T2 

•'HET A 

O^H 

1 

50.30 

0.56762E 

06 

94.6 

0.42089E 

03 

0.12509E-02 

0.611E-04 '' 

58. 






2 

52.30 

0.60624E 

06 

94.2 

0.47050E 

03 

0.13186E-02 

0.621E-04 

58. 

0.00 

0.0000 

94.2 

1.000 

0.012 

3 

54.30 

0.64485E 

06 

94.5 

0.52003E 

03 

0.12469E-02 

0.615E-04 

58. 

0.00 

0.0000 

94.5 

1.000 

0.012 

4 

56.30 

0.68346E 

06 

94.1 

0.57085E 

03 

0.13854E-02 

0.626E-04 

58. 

0.00 

0.00 00 

94.1 

1.000 

0.012 

5 

58.30 

0.72208E 

06 

94.4 

0.62311E 

03 

0.13215E-02 

0.619F-04 

58. 

0.00 

0.0000 

94.4 

1.000 

0.012 

6 

60.30 

0.76069E 

06 

94.1 

0.67728E 

03 

0.14838E-02 

0.629E-04 

58. 

0.00 

0.0000 

94.1 

1.000 

0.012 

7 

62.30 

0.7993 IE 

06 

94.2 

0.73315E 

03 

0.14101E-02 

0.624E-04 

58. 

0.00 

0.0000 

94.2 

1.000 

0.012 

8 

64.30 

0.83792E 

06 

94.1 

0.79155E 

03 

0.16147E-02 

0.635E-04 

58. 

0.00 

0.0000 

94.1 

i.noo 

0.012 

9 

66.30 

0.87653E 

06 

94.2 

0.85291E 

03 

0.15638E-02 

0.629E-04 

58. 

0.00 

0.0000 

94.2 

1.000 

0.012 

10 

68.30 

0.91515E 

06 

94.2 

0.91749E 

03 

0. 178 09 E- 02 

0.638E-04 

58. 

0.00 

0.0000 

94.2 

1.000 

0.012 

11 

70.30 

0.95376E 

06 

94.3 

0.98517E 

03 

0.172 48E-02 

0.634E-04 

58. 

0.00 

0.0000 

94.3 

1.000 

0.012 

12 

72.30 

0.9923 7E 

06 

94.0 

0.10545E 

04 

0.18669E-02 

0.645E-04 

58. 

0.00 

0.0000 

94.0 

1.000 

0.012 

13 

73.82 

0.10217E 

07 

92.6 

0.11023E 

04 

0.U800E-02 

0.297E-04 

58. 






14 

74.85 

0.1041 6E 

07 

91.8 

0.11274E 

04 

0.13374E-02 

0.370E-04 

58. 






15 

75.88 

0.10615E 

07 

92.1 

0.11546E 

04 

0.13934E-02 

0.382E-04 

58. 






16 

76.91 

0.10815E 

07 

91.9 

0.11831E 

04 

0.14743F-02 

0.388E-04 

58. 






17 

77.95 

0.11015E 

07 

91 .9 

0.12131E 

04 

0.15351E-02 

0.397E-04 

5 8. 






18 

78.98 

0.11213E 

07 

91.7 

0.12444E 

04 

0.161 45 E-02 

0.409E-04 

58. 






19 

80.01 

0.11412E 

07 

91.5 

0.12771E 

04 

0.166 98E-02 

0.402E-04 

58. 






20 

81.04 

0.1161 IE 

07 

91 .6 

0.13103E 

04 

0.16669E-02 

0.399E-04 

58. 






21 

82.07 

0.11810E 

07 

91.3 

0.13457E 

04 

0.1B881E-02 

0.433E-04 

58. 






22 

83.10 

0.12009E 

07 

91.3 

0.13827E 

04 

0.18321E-02 

0.442E-04 

58. 






23 

84.13 

0.12208E 

07 

90.9 

0.14193E 

04 

0.183B2E-02 

0.444E-04 

58. 






24 

85. 16 

0.1240 8E 

07 

90.9 

0.14567E 

04 

0.19209E-02 

0.462E-04 

58. 






25 

86.20 

0.12607E 

07 

90.9 

0.14952E 

04 

0.19488E-02 

0.460E-04 

58. 






26 

87.23 

0.12806E 

07 

90.6 

0.15360E 

04 

0.21432 E-02 

0.484E-04 

58. 






27 

88.26 

0.13005E 

07 

90.7 

0.15778E 

04 

0.206 25E-02 

0.476E-04 

56. 






28 

89.29 

0.13204E 

07 

90.5 

0.16139E 

04 

0.20624E-02 

0.476E-04 

58. 






29 

90.32 

0.13403E 

07 

90.1 

0.16609E 

04 

0.2 15 21 E-02 

0.483E-04 

58. 






30 

91.35 

0.13602E 

07 

90.5 

0.17035E 

04 

0.212 74E-02 

0.492E-04 

58. 






31 

92.38 

0.13801E 

07 

90.8 

0.17471E 

04 

0.22596E-02 

0.500E-04 

58. 






32 

93.41 

0.14000E 

07 

90.6 

0.17908E 

04 

0.21271E-02 

0.488E-04 

58. 






33 

94.45 

0.14200E 

07 

90.5 

0.18339E 

04 

0.220 77E- 02 

0.491E-04 

58. 






34 

95.48 

0.14399E 

07 

90.0 

0.18786E 

04 

0.22769E-02 

0.496E-04 

58. 






35 

96.51 

0.14598E 

07 

90.3 

0.19236E 

04 

0.224 84E- 02 

0.521E-04 

58. 






36 

97.54 

0.14797F 

07 

89.6 

0.19634E 

04 

0.224 76E-02 

0.568E-04 

59. 
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STANTON NUHHER DATA RUM 02107A DISCRETE HOLE RIG *** MAS-3-14336 


TINF= 65.3 UINF= 37.5 XV0=20.900 RHO= 0.07561 CP» 0.2A1 VISC* 0.15990E-03 RR«0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATF-28.400 P/D= 5 

UNCERTAINTY IN REX=19546. UNCERTAINTY IN F=0. 03101 IN RATIO 

•** M=0.2, COLD RUN, LOW RE, STEP T-WALL AT VIRTUAL ORIGIN OF BL, ** NO BL TRIP. 


PLATE X 

REX 


Tfl 

REENTH 


STANTON NO 

DST 

ORFcn 

H 

F 

72 

theta 

DTH 

1 

50.30 

0.57 46 6E 

06 

96.8 

0.42611E 

03 

0.12240E-02 

0.566E-04 

59. 






2 

52-30 

0.61375E 

06 

96.7 

0.52835E 

03 

0.235 86E-02 

0.6106-04 

59. 

0.21 

0.0069 

72.8 

0.239 

0.008 

3 

54.30 

0.65285E 

06 

96 .8 

0.70488E 

03 

0.33972E-02 

0. 6676-04 

59. 

0.21 

0.0068 

72.8 

0.239 

0.008 

4 

56.30 

0.69194E 

06 

96.8 

0.91131E 

03 

0.37962E-02 

0.6946-04 

59. 

0.23 

0.0076 

72.5 

0.229 

0.008 

5 

58.30 

0.73103E 

06 

96.7 

0.11233F 

04 

0.37093E-02 

0.689E-04 

59. 

0.21 

0.0069 

72.6 

0.231 

0.008 

6 

60.30 

0.7701 2F 

06 

96.8 

0.13276E 

04 

0.35460E-02 

0.6776-04 

59. 

0.22 

0.0070 

72.5 

0.228 

0.008 

7 

62.30 

0.80922E 

06 

96.7 

0.15271E 

04 

0.344 87E-02 

0.672E-04 

59. 

0.21 

0.0068 

72.8 

0.238 

O.OOB 

8 

64.30 

0.84831E 

06 

96.8 

0.17224E 

04 

0.331 24E-02 

0.663E-04 

59. 

0.21 

0.0068 

72.7 

0.236 

0.008 

9 

66.30 

0.88740E 

06 

96.8 

0.19137E 

04 

0.325 92E- 02 

0.6596-04 

59. 

0.21 

0.0069 

72.6 

0.231 

0.008 

10 

68.30 

0.92649E 

06 

96.8 

0.21035E 

04 

0.32260E-02 

0.6566-04 

59. 

0.22 

0.0071 

72.5 

0.228 

0.008 

11 

70.30 

0.96559E 

06 

96.9 

0.229HE 

04 

0.31831E-02 

0.6526-04 

59. 

0.22 

0.0070 

72.4 

0.225 

0.008 

12 

72.30 

0.1004 7E 

07 

96.8 

0.24746E 

04 

0.311 13E-02 

0.6506-04 

59. 

0.21 

0.0070 

72.2 

0.219 

0.008 

13 

73.82 

0.10344E 

07 

92.6 

0.25912E 

04 

0.257526-02 

0.4536-04 

59. 






14 

74.85 

0.10545E 

07 

91.6 

0.26419E 

04 

0.24561E-02 

0.4946-04 

59. 






15 

75.88 

0.1074 7E 

07 

92.4 

0.26905E 

04 

0.237346-02 

0.4886-04 

59. 






16 

76.91 

0.10949E 

07 

92.5 

0.27378E 

04 

0.231 546- 02 

0.475E-04 

59. 






IT 

77.95 

0.11151E 

07 

92.7 

0.27837E 

04 

0.223 616-02 

0.4656-04 

59. 






18 

78.98 

0.11352E 

07 

92.7 

0.28289E 

04 

0.22530E-02 

0.4696-04 

59. 






19 

80.01 

0.11554E 

07 

92.7 

0.28739E 

04 

0,220676-02 

0.4506-04 

59. 






20 

81.04 

0.11755E 

07 

92.9 

0.291 74E 

04 

0.210946-02 

0.4356-04 

59. 






21 

82.07 

0.11956E 

07 

92-8 

0.29611E 

04 

0.223 296- 02 

0.456E-04 

59. 






22 

83.10 

0.12158E 

07 

92-9 

0.' 3 004 BE 

04 

0.21007E-02 

0.4536-04 

59. 






23 

84.13 

0.12359E 

07 

92.6 

0.30467E 

04 

0.205 38F-02 

0.448E-04 

59. 






24 

85.16 

0.12561E 

07 

92.6 

0.30883E 

04 

0.208196-02 

0.458E-04 

59. 






25 

86.20 

0.12764E 

07 

92.7 

0.31298E 

04 

0.203156-02 

0.4526-04 

59. 






26 

87.23 

0.12965E 

07 

91.8 

0.31710E 

04 

0.205 30E-02 

0. 4566-04 

59. 






27 

88.26 

0.13166E 

07 

92.4 

0.32123E 

04 

0.204 726-02 

0.4556-04 

59. 






28 

89.29 

0.13368E 

07 

92.4 

0.32529E 

04 

0.198116-02 

0.4446-04 

59. 






29 

90.32 

0.13569E 

07 

91 .9 

O.32930F 

04 

0.20791F-02 

0.4536-04 

59. 






30 

91.35 

0.13770E 

07 

91.8 

0.33343E 

04 

0.194106-02 

0.450F-04 

59. 






31 

92.38 

0.139T2E 

07 

92.9 

0.33746F 

04 

0.205 106-02 

0.4556-04 

59. 






32 

93.41 

0.14174E 

07 

92.8 

0.341 49E 

04 

0.194 73E-02 

0.440E-04 

59. 






33 

94.45 

0.14376E 

07 

92.8 

0.34545E 

04 

0.198396-02 

0.4386-04 

59. 






34 

95.48 

O.14570F 

07 

92.3 

0.34951F 

04 

0.205026-02 

0.441E-04 

59. 






35 

96.51 

0.14779E 

07 

92.6 

0.35358E 

04 

0.198666-0? 

0.462E-04 

59. 






36 

97.54 

0.14980E 

07 

91 .8 

0.35756F 

04 

0.196076-02 

0.50BF-04 

59. 
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STANTON NUMBER DATA RUN 021174 *** DISCRETE HOLE RIG *** N4S-3-14336 


TINF> 64.3 UINF- 37.8 XVO>20.900 RHO« 0.07600 CP- 0.241 VISC- 0.158S7E>03 PR-0.715 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE-28.400 P/D- 5 

UNCERTAINTY lU REX-19837. UNCERTAINTY IN F-0. 03097 IN RATIO 


M-> 

>0.2f 

HOT RUNt LOW 

REtSTEP 

T-WALL AT 

VIRTUAL ORIGIN OF 

BL, ** NO 

BL TRIP. 






PLATE X 

REX 


TO 

REENTH 


STANTON NO 

OST 

DREEN 

M 

F 

T2 

THETA 

DTH 

1 

50.30 

0.58322E 

06 

95.3 

0.43246E 

03 

0.11728E>02 

0.565E-04 

60. 






2 

52.30 

0.62290E 

06 

95.4 

0.61967E 

03 

0.15788E-02 

0.575E-04 

60. 

0.23 

0.0073 

92.6 

0.911 

0.011 

3 

54.30 

0.66257E 

06 

95.4 

0.95697E 

03 

0.24354E-02 

O.61OE-04 

60. 

0.21 

0.0069 

92.7 

0.912 

0.011 

4 

56.30 

0.70225E 

06 

95.4 

0.13249E 

04 

0.290 75E-02 

0.637E-04 

60. 

0.23 

0.0075 

92.8 

0.917 

0.011 

5 

58.30 

0.74192E 

06 

95.4 

0.16913E 

04 

0.28334E-02 

0.632E-04 

61. 

0.19 

0.0063 

93.1 

0.926 

0.011 

6 

60.30 

0.78160E 

06 

95.4 

0.20320E 

04 

0.25961E-02 

0.620E-04 

61. 

0.20 

0.0064 

92.8 

0.919 

0.011 

7 

62.30 

0.82127E 

06 

95.5 

0.23487E 

04 

0.24992E-02 

0.613E-04 

61. 

0.17 

0.0054 

93.1 

0.925 

0.011 

8 

64.30 

0.8609 5E 

06 

95.4 

0.26460E 

04 

0.23165E-02 

0.605E-04 

61. 

0.17 

0.0055 

93.6 

0.944 

0.011 

9 

66.30 

0.90062E 

06 

95.4 

0.29484E 

04 

0.223 60E-02 

0.602E-04 

62. 

O.IS 

0.0058 

93.7 

0.944 

0.011 

10 

68.30 

0.94030E 

06 

95.4 

0.32671E 

04 

0.21635E-02 

0.598E-04 

62. 

0.20 

0.0065 

94.0 

0.956 

O.Oll 

11 

70.30 

0.97997E 

06 

95.4 

0.35878E 

04 

0.207 03E-02 

0.595E-04 

62. 

O.IB 

0.0059 

94.6 

0.977 

O.Oll 

12 

72.30 

0.10196E 

07 

95.4 

0.38946E 

04 

0.193 76E-02 

0.5BBE-04 

62. 

0.17 

0.0056 

96.1 

1.023 

0.011 

13 

73. 82 

0.10498E 

07 

92.6 

0.40655E 

04 

0.18616E-02 

0.356E-04 

63. 






14 

74.85 

0.10T02E 

07 

91.6 

0.41033E 

04 

0.1829BE-02 

0.405E-04 

63, 






15 

75.88 

0.10907E 

07 

92.2 

0.41405E 

04 

0.18058E-02 

0.407E-04 

63. 






16 

76.91 

0. 11112E 

07 

92.3 

0.41775E 

04 

0.18101E-02 

0.404E-04 

63, 






17 

77.95 

0.1131 7E 

07 

92.4 

0.42143E 

04 

0.17935E-02 

0.402E-04 

63. 






18 

78.98 

0.11522E 

07 

92.6 

0.425 09E 

04 

0.17834E-02 

0.403E-04 

63. 






19 

80.01 

0.11726E 

07 

92.4 

0.42876E 

04 

0.18047E-02 

0.392E-04 

63. 






20 

81.04 

0.11930E 

07 

92.6 

0.43239E 

04 

0.17403E-02 

0.382F-04 

63. 






21 

82.07 

0.12135E 

07 

92.6 

0.43601E 

04 

0.18063E-02 

0.396E-04 

63. 






22 

83.10 

0.12339E 

07 

92.5 

0.43969E 

04 

0.17912E-02 

0.406E-04 

63. 






23 

84.13 

0.12543E 

07 

92.3 

0.44327E 

04 

0.17025F-02 

0.397E-04 

63. 






24 

85.16 

0.12 74 9E 

07 

92-5 

0.44676E 

04 

0.171 56E-02 

0.405E-04 

63. 






25 

86.20 

0.12954E 

07 

92.4 

0.45029E 

04 

0.173 4BE-02 

0.404E-04 

63. 






26 

87.23 

0.1315 8E 

07 

91.8 

0.45388E 

04 

0.17731E-02 

0.410E-04 

63. 






27 

88.26 

0.13363E 

07 

92.4 

0.45743E 

04 

0.17004E-02 

0.402E-04 

63. 






28 

89.29 

0.1356 7E 

07 

92.3 

0.46093E 

04 

0.171 45E- 02 

0.399E-04 

63. 






29 

90.32 

0.13771E 

07 

92.0 

0.46447E 

04 

0.17510E-02 

0.401E-04 

63. 






30 

91.35 

0.13975E 

07 

91.8 

0.46802E 

04 

0.17226F-02 

0.410E-04 

63. 






31 

92.38 

0.14180E 

07 

92.5 

0.47160E 

04 

0.17710E-02 

0.411E-04 

63. 






32 

93.41 

0.14385E 

07 

92.2 

0.47516E 

04 

0.17113E-02 

0.405E-04 

63. 






33 

94.45 

0.14590E 

07 

92.3 

0.47868F 

04 

0.17316E-02 

0.401E-04 

63. 






34 

95.48 

0.14795E 

07 

91.9 

0.48228E 

04 

0.178 3BE-02 

0.401E-04 

63. 






35 

96.51 

0.14999E 

07 

92.1 

0.48588E 

04 

0.17407E-02 

0.424E-04 

63. 






36 

97.54 

0.15203E 

07 

91.4 

0.48940E 

04 

0.17030E-02 

0.454E-04 

63. 
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FOLLOWING IS th= data FOP TttFTA=0 AND thETA= 1, WHICH WAS OPTAINED BY LINFAR SOPERPOS ITION THEnPY. 


THIS 

, DATA WAS 

PRODUCED FROM RIJN 021074 AND 

RUN 

021174 








FOR 

THE detail 

CHANGES OF 

PRPPLRTIE 

S AND BOUNDARY 

CONOI'^ 

IONS.* PL E ASF 

; see the above 

TWO RUNS 




PLATE 

REXCOL 

RF 0EL2 

ST( TH=0 I 

REXHOT 

RE 

0E12 

ST(TH=1I 

ETA 

'TCR 

F-COL 

STHP 

F-HO” 

PHl-1 

1 

574661.1 

426.1 

0.001224 

583221.2 


432.5 

0.001173 

IIUUUU 

uuuuu 

0.0000 

JUUIIUUU 

0.0000 

IJUUUU 

2 

613753.6 

501.6 

0.002636 

622896.1 


630.6 

0.001475 

0. 440 

1.123 

0.0069 

0.630 

0.0073 

1.754 

3 

652846.2 

626 . 1 

0. 0037 39 

662570.9 


988.4 

0.002309 

0.382 

1.612 

0.0068 

0.909 

0.0069 

2.160 

4 

691938.8 

779.2 

0.004092 

702245.9 


13 76.2 

0.002800 

0.316 

1 .786 

0.0076 

1 .225 

0.0075 

2.524 

5 

731031.4 

937.4 

0. 0040 01 

741920.3 


1760.4 

0.002740 

0.315 

1.765 

0.0069 

1.212 

0.0063 

2.335 

6 

770123.9 

1091.1 

0. 003860 

781595.6 


2116.6 

0.002484 

0.356 

1.721 

0.0070 

1.111 

0.0064 

2.251 

7 

809216.5 

1240.4 

0. 003778 

821270.6 


2447.4 

0.002396 

0.366 

1.701 

0.0068 

1.082 

0.0054 

2.060 

e 

848309.1 

1385.4 

0. 003645 

860945.4 


2755.2 

0.002237 

0.386 

1.657 

0.0068 

1.020 

0.0055 

2.024 

9 

887401.7 

1526.9 

0. 003591 

900620.4 


3067.0 

0.002156 

0.400 

1.647 

0.0069 

0.992 

0.0058 

2.043 

10 

926494.3 

1666.7 

0.003559 

940295.3 


3394.9 

0.002100 

0.410 

1 .646 

0.0071 

0.974 

0.0065 

2.135 

11 

965586.8 

1804.9 

0.003516 

979970.1 


3722.0 

0.002036 

0.421 

1.640 

0.0070 

0.952 

0.0059 

2.025 

12 

1004679.0 

1940.7 

0.003431 

1019645.0 


4028.9 

0.001971 

0.42 5 

1.613 

0.0070 

0.930 

0.0056 

1.961 

13 

1034389.0 

2036.1 

0.002308 

1049798.0 


4197.3 

0.001802 

0.358 

1.328 


0.855 



14 

1054522.0 

2091 .2 

0. 002660 

1070230.0 


4233.9 

0.001778 

0.332 

1 .263 


0.847 



15 

1074655.0 

2143.8 

0.002558 

1090663.0 


42 70.1 

0.001759 

0.313 

1.219 


0.841 



16 

1094 885.0 

2194.6 

0. 002480 

1111194.0 


4306.2 

0.001768 

0.287 

1.186 


0.848 



17 

1115115.0 

2243.5 

0.0023 80 

1131726.0 


4342.3 

0.001757 

0.262 

1 .143 


0.846 



18 

1135248.0 

2291.8 

0.002406 

1152159.0 


43 78.1 

0.001745 

0.275 

1.159 


0.843 



19 

1155381.0 

2339.6 

0. 0023 38 

1172591.0 


4414.0 

0.001771 

0.242 

1.130 


0.859 



20 

1175513.0 

2385.6 

0.002230 

1193024.0 


4449.6 

0.001710 

0.233 

1.082 


0.832 



21 

1195646.0 

2432.0 

0.002372 

1213457.0 


44 85.2 

0.001771 

0.253 

1.155 


0.865 



22 

1215779.0 

2478.1 

0. 0022 02 

1233889.0 


4521.4 

0.001766 

0.198 

1.075 


0.865 



23 

1235912.0 

2522.1 

0. 002168 

1254322.0 


4556.6 

0.001673 

0.228 

1.063 


0.822 



24 

1256142.0 

2566.2 

0. 002201 

1274853.0 


4590.9 

0.001685 

0.234 

1.082 


0.831 



25 

1276372.0 

2609.8 

0.002128 

1295385.0 


4625.7 

0.001710 

0.196 

1 .050 


0.846 



26 

1296505. U 

2652.9 

0.002144 

1315818.0 


4661.1 

0.001750 

0.184 

1.061 


0.868 



27 

1316638.0 

2696.2 

0.002160 

1336250.0 


4696.1 

0.031672 

0.226 

1 .072 


0.832 



28 

1336770.0 

2738.9 

0.00 20 68 

1356683.0 


4730.8 

0.001692 

0.182 

1 .029 


0.845 



29 

1356903.0 

2781.7 

0. 0021 86 

1377115.0 


4765.4 

0.031724 "0.211 

1.091 


0.863 



30 

1377036.0 

2824.0 

0.0020 12 

1397548.0 


4800.8 

0.091704 

0.153 

1 .008 

- 

0.886 



31 

1397168.0 

2865.9 

0.002142 

1417981.0 


4835.8 

0.001 748 

0.184 

1.076 


o.8"n 



32 

1417399.0 

2907.9 

0.002024 

1438512.0 


4871.0 

0.001692 

0.164 

1 .019 


0.855 



33 

1437629.0 

2949.1 

0.002066 

1459044.0 


4905. B 

0.001711 

0.17? 

1 .044 


0.867 



34 

1457762.0 

2991.5 

0.002137 

1479476.0 


4941.3 

0.001762 

0.176 

1.082 


0.895 



35 

1477894.0 

3033.9 

0. 0020 67 

1499909.0 


4976.9 

0.001720 

0.168 

1.050 


0.876 



36 

1498027.0 

3075.3 

0. 002045 

1520342.0 


5011.7 

0.001682 

0.178 

1.041 


0.859 




226 


STANTON NUMBER DATA RUN 020774 ♦** DISCRETE HOLE RIG *** NAS-3-14336 

TINE- 67.1 UINF* 37.1 XV0«41.550 RHO» 0.07569 CP= 0.241 VISC* 0.16029E-03 PR*0.714 

DISTANCE FROM ORIGIN OF BL TO 1ST PLATE= 7.750 P/0« 5 

UNCERTAINTY IN REX*19304. UNCERTAINTY IN F=0. 03105 IN RATIO 


♦* LOW REf ARBITRARY BCUNOARrY CONDITION RUN. 


PLATE X 

REX 


TO 

REENTH 


STANTON NO 

DST 

OREEN 

H 

F 

T2 

THETA 

OTH 

1 

50.30 

0.16B91E 

06 

98.9 

0.65246E 

03 

0.29058E-02 

0.639E-04 

58. 






2 

52.30 

0.20751E 

06 

100.2 

0.11S89E 

04 

0.32083E-02 

0.635E-04 

60. 

0.59 

0.0192 

104.4 

1.126 

O.Oll 

3 

54.30 

0.24612E 

06 

101.2 

0.21573E 

04 

0.3 27 09E-02 

0.623E-04 

63. 

0.62 

0.0200 

104.7 

1.102 

0.011 

4 

56.30 

0.28473E 

06 

100.8 

0.29827E 

04 

0.28863E-02 

0.607E-04 

65. 

0.44 

0.0144 

101.2 

1.014 

0.01 1 

5 

58.30 

0.32334E 

06 

100.5 

0.33745E 

04 

0.28244E-02 

0.608E-04 

66. 

0,00 

0.0000 

100.5 

1.000 

0.011 

6 

60.30 

0.36194E 

06 

100.6 

0.34806E 

04 

0.26718E-02 

0.598E-04 

66. 

0.00 

0.00 00 

100.6 

1.000 

0.011 

7 

62.30 

0.40055E 

06 

97.6 

0.35748E 

04 

0.22088E-02 

0.626E-04 

66. 

0.00 

0.0000 

97.6 

1.0)0 

0.012 

B 

64.30 

0.43916E 

06 

97.3 

0.36871E 

04 

0.207 07E-02 

0.624E-04 

66. 

0.05 

0. 0015 

98.8 

1.050 

0.012 

9 

66.30 

0.47776E 

06 

96.7 

0.3S900E 

04 

0.192 55E-02 

0.631E-04 

66. 

0.16 

0.0051 

96.2 

0.984 

0.012 

10 

68. 30 

0.51637E 

06 

94.8 

0.42129E 

04 

0.18319E-02 

0.667E-04 

66. 

0.23 

0.00 74 

96.8 

1.074 

0.013 

11 

70.30 

0.55498E 

06 

94.7 

0.45865E 

04 

0.17798E-02 

0.666E-04 

67. 

0.21 

0.0070 

97.8 

l.lll 

0.014 

12 

72.30 

0.59359E 

06 

95.0 

0.43055E 

04 

0.18260E-02 

0.661E-04 

67. 

0.00 

0.0000 

95.0 

1.000 

0.013 

13 

73.82 

0.62293E 

06 

94.9 

0.48613E 

04 

0.20658E-02 

0.400E-04 

67. 






14 

74.85 

0.64281E 

06 

94.7 

0.49005E 

04 

0.18691E-02 

0.415E-04 

67. 






15 

75.88 

0.66269E 

06 

95.6 

0.49371E 

04 

0.18126E-02 

0.412F-04 

67. 






16 

76.91 

0.68267E 

Ob 

95.6 

0.49734E 

04 

0.18316E-02 

0.408E-04 

67. 






17 

77.95 

0.70255E 

06 

95.8 

0.50096E 

04 

0.18053E-02 

0.405E-04 

67. 






18 

78.98 

0.72253E 

06 

96.0 

0.50451E 

04 

0.17613E-02 

0.403E-04 

67. 






19 

80.01 

0.74242E 

06 

95.7 

0.50807E 

04 

0.181 84E-02 

0.396E-O4 

67. 






20 

81.04 

0.76230E 

06 

95.9 

0.51163E 

04 

0.17513E-02 

0.385E-04 

67. 






21 

82.07 

0.78218E 

06 

96.0 

0.51515E 

04 

0.178 84E-02 

0.397E-04 

67. 






22 

83.10 

0.80207E 

06 

95.8 

0.51872E 

04 

0.17977E-02 

0.409E-04 

67. 






23 

84.13 

0.82195E 

06 

95.8 

0.52219E 

04 

0.16879F-02 

0.398E-04 

67. 






24 

85.16 

0.84193E 

06 

95.9 

0.52559E 

04 

0.17249E-02 

0.408E-04 

67. 






25 

86.20 

0.B6191E 

06 

95.9 

0.52900E 

04 

0. 17025 E- 02 

0.403E-04 

67. 






26 

87.23 

0.88179E 

06 

95.1 

0.53246E 

04 

0.17807E-02 

0.413E-04 

67. 






27 

88.26 

0.90167E 

06 

95.9 

0.53592E 

04 

0.16949E-02 

0.404E-04 

67. 






28 

89.29 

0.92155E 

06 

95.8 

0.53929E 

04 

0.16920E-02 

0.398F-04 

67. 






29 

90.32 

0.94144E 

06 

95.5 

0.54270E 

04 

0.17318E-02 

0.400E-04 

67. 






30 

91.35 

0.96132E 

06 

95.3 

0.54610E 

04 

0.16802E-02 

0.407E-04 

67. 






31 

92.38 

0.98120E 

06 

96.1 

0.54950E 

04 

0.17399E-02 

0.409E-04 

67. 






32 

93.41 

0.10012E 

07 

95.7 

0.55295E 

04 

0.17210E-02 

0.406E-04 

67. 






33 

94.45 

0.10212E 

07 

95.9 

0.55635E 

04 

0.16977E-02 

0.398E-04 

67. 






34 

95.48 

0.10410E 

07 

95.4 

0.55980E 

04 

0.17732F-02 

0.401F-04 

67. 






35 

96.51 

0.10609E 

07 

95.6 

0.56329E 

04 

0.17239E-02 

0.423E-04 

67. 






36 

97.54 

0.10808E 

07 

95.0 

0.56669E 

04 

0.169 52F-02 

0.453F-04 

67. 








APPENDIX B 


PROFILE DATA 

This section Includes the velocity and temperature profiles taken 
at X ■ 63.3 In. (161 cm) and X “ 69.3 In. (176 cm). At X ■ 69.3 In. 
(176 cm), temperature and velocity profiles are taken, and at X > 63.3 
In. (161 cm), only velocity profiles were taken. The lateral average 
velocity profiles are used as an Input data to program SHEAR which cal- 
culates the shear stress distribution and mixing length distribution. 


Special 

Nomenclature 

DDELl 

uncertainty In 6^ 

DDEL2 

uncertainty In 6^ 

DELI 

6^ , displacement thickness 

DEL2 

5^ , momentum deficit thickness 

DEND2 

uncertainty In 

DREEN 

uncertainty In Re ^2 

DU 

uncertainty In U 

END2 

A^ , enthalpy thickness 

RED2 

R«62 

REEN 

ReAj 

TEAR 

CT - TJ/(T^-TJ 

UBAR 
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228 


UINF- 53.8 FT/SEC X= 69.3 INCHES PORT= 1 

TINF* 69.0 DEG F PINFa 2120. PSF 


VELOCltY PRQFILF 


TEHP5RATURE PROFILE 


Y( INCHES) 

U(FT/SECI 

UBAR 

DU 

Y( INCHES) 

TIOEG FI 

TBAR 

0.010 

16.00 

0.2972 

0.28 

0.0215 

93.97 

0.7229 

0.011 

16.52 

0.3069 

0.27 

0.0225 

93.65 

0.7120 

0.012 

17.12 

0.3180 

0. 26 

0.0235 

93.24 

0.6982 

0.013 

17.79 

0.3303 

0.25 

0.0245 

92.81 

0.6834 

0.014 

18.39 

0.3415 

0.24 

0.0255 

92.49 

0.6725 

O.OIS 

18.74 

0.3481 

0. 24 

0.0275 

91.87 

0.6518 

0.017 

19.71 

0.3660 

0.23 

0.0295 

91.44 

0.6370 

0.019 

20.43 

0.3793 

0. 22 

0.0325 

90.74 

0.6133 

0.022 

20.95 

0.3892 

0.21 

0.0365 

90.12 

0.5925 

0.025 

21.49 

0.3992 

0.21 

0.0415 

89.57 

0,5737 

0.029 

22.22 

0.4126 

0. 20 

0.0485 

89.02 

0.5549 

0.033 

22.79 

0.4233 

0. 20 

0.0575 

88.55 

0.5391 

0.039 

2S.40 

0.4346 

0. 19 

0. 0685 

88.08 

0.5232 

0.046 

24.04 

0.4465 

0.19 

0.0805 

87,79 

0.5133 

0.054 

24.52 

0.4553 

0.18 

0.0955 

87.38 

0.4995 

0.062 

25.05 

0.4653 

0.18 

0.1155 

87.12 

0.4905 

0.072 

25.42 

0.4720 

0.18 

0.1405 

86.77 

0.4786 

0.087 

25.87 

0.4806 

0.17 

0.1705 

86.41 

0.4667 

0.102 

26.35 

0.4894 

0. 17 

0.2105 

86.03 

0.4539 

0.122 

26.56 

0.4933 

0. 17 

0.2605 

85.42 

0.4330 

0.147 

26.88 

0.4993 

0. 17 

0.3105 

84.98 

0.4181 

0.177 

27.17 

0.5046 

0. 16 

0.3705 

84.28 

0.3943 

0.217 

27.40 

0.5089 

0. 16 

0.4305 

83.49 

0.3675 

0.267 

27.96 

0.5192 

0.16 

0.4905 

82.72 

0.3417 

0.322 

28.71 

0.5332 

0.16 

0.5505 

81.85 

0.3119 

0.397 

29.91 

0.5555 

0.15 

0.6105 

80.96 

0.2820 

0.472 

31.68 

0.5883 

0. 14 

0.6705 

80.08 

0.2522 

0.547 

34.11 

0.6334 

0.13 

0.7305 

79.23 

0.2233 

0.622 

36.53 

0.6784 

0. 12 

0.7905 

78.35 

0.1934 

0.697 

38.77 

0.7200 

0.12 

0.8505 

77.56 

0.1665 

0.772 

•4l-i03 

0.7621 

0. 11 

0.9105 

76.91 

0.1445 

0. 847 

43.00 

:0.7fl!87 

0.10 

0.9805 

76.14 

0.1186 

0.922 

■44.36 

0.:8331 

0.10 

1.0505 

75.44 

0.0946 

0.997 

^6:68 

0.8670 

0. 10 

1.1205 

74.82 

0.0737 

1.072 

48.30 

0.8970 

0.09 

1.1905 

74.26 

0.0547 

1.147 

49.71 

0.9233 

0.09 

1.2805 

73.70 

0.0357 

1.223 

50.97 

0.9466 

0.09 

1.3805 

73.17 

0.0177 

1.297 

52.03 

0.9663 

0.09 

1.4305 

72.87 

0.0077 

1.372 

52.78 

0.9803 

0. 08 

1.5805 

71.72 

0.0027 

1.472 

53.43 

0.9924 

0.U3 

1.6805 

72.67 

0.0007 

1.572 

53.69 

0.9971 

0.08 

1.7805 

72.65 

0.0002 

1.672 

53.84 

1.0000 

0.08 

1.8805 

72.65 

0.0000 

OELl* 0.395IN. 
RE02>6618.4 

0EL2> 0.239IN. 

ODFL 2-0.001 

H- 1.651 

OOFH-0.003 

EN02- 0.212IN. KEEN 

DEN02-0.001 OREEN- 

- 5664. 

36. 

70-102. ] 
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UINF= 53.8 FT/SEC 
TINF- 70.7 OEG F 


X* 69.3 INCHES 
PINF. 2120. PSF 


VELOCITY PROFILE 


Y(INCHES) 

IJIFT/SECI 

UBAP. 

O.OlO 

16.86 

0.3135 

O.OU 

17.06 

0.3172 

0.012 

17.69 

0.3289 

0.013 

18 .53 

0.3444 

0.014 

18.85 

0.3504 

0.015 

19.46 

0.3618 

0.017 

20.08 

0.3733 

0.019 

20.67 

0.3842 

0.022 

21.60 

0.4016 

0.025 

22.37 

0.4159 

0.029 

23.08 

0.4290 

0.033 

23.66 

0.4398 

0.039 

24.45 

0.4546 

0.046 

24.98 

0.4645 

0.054 

25.50 

0.4741 

0.062 

26.01 

0.4836 

0.072 

26.44 

0.4915 

0.087 

26.92 

0.5006 

0.102 

27.31 

0.5078 

0.122 

27.84 

0.5176 

0.147 

29.28 

0.5259 

0.177 

28.76 

0.5348 

0.217 

29.07 

0.5404 

0.267 

29.70 

0.5521 

0.322 

30.34 

0.5641 

0.397 

31.55 

0.5865 

0.472 

33.06 

0.6147 

0.547 

35.14 

0.6533 

0.622 

37.09 

0.6896 

0.697 

39.17 

0.7282 

0.772 

41.36 

0.7689 

0.847 

43.02 

0.7998 

0.922 

44.90 

0.834S 

0.997 

46.70 

0.8681 

1.072 

48.15 

0.8952 

1.147 

49.81 

0.9260 

1.222 

50.99 

0.9480 

1.297 

51.99 

0.9665 

1.372 

52.81 

0.9819 

1.472 

53.40 

0.9928 

1.572 

53.71 

0.9985 

1.672 

53.79 

1 .0000 


OEU» 0.3771N. 
HED2-4492.5 


DEL2- 0.236IN 
0OFL2«O.fl01 




PORT^ 


2 


0.27 

Y( INCHES! 

TIOEG F) 

TBW 

0.26 

0.0215 

92 .37 

0.7042 

0. 25 

0.0225 

91.99 

0.6913 

0.24 

0.0235 

91.49 

0.6743 

0.24 

0.0245 

91.09 

0.6604 

0. 23 

0.0255 

90.77 

0.6494 

0.22 

0.0275 

90.21 

0.6304 

0.22 

0.0295 

89.69 

0.6125 

0. 21 

0.0325 

89.22 

0.5965 

0.20 

0.0365 

88.64 

0.5765 

0. 19 

0.0415 

88.05 

0.5565 

0. 19 

0.0485 

87.47 

0.5365 

0.18 

0.0575 

87.06 

0.5225 

0.18 

0.0685 

86.62 

0.5075 

0. 18 

0.0S05 

86.27 

0.4955 

0.17 

0.0955 

85.86 

0.4815 

0.17 

0.1155 

85.54 

0.4705 

0. 17 

0.1405 

85.24 

0.4605 

0. 16 

0.1705 

84.81 

0.4455 

0.16 

0.2105 

84.37 

0.4305 

0.16 

0.2605 

83.84 

0.4124 

0.16 

0.3105 

83.28 

0.3934 

0.15 

0.3705 

82.67 

0.3723 

0. 15 

0.6305 

82 .02 

0.3503 

0. 15 

0.4905 

81.29 

0.3252 

0.14 

0.5505 

80.47 

0.2971 

0.14 

0.6105 

79.61 

0.2679 

0.13 

0.6705 

78.85 

0.2418 

0.12 

0.7305 

78.09 

0.2157 

0.11 

0.7905 

77.32 

0.1895 

0.11 

0.8505 

76.64 

0.1664 

0. 10 

0.9105 

76.06 

0.1462 

0.10 

0.9805 

75.29 

0.1200 

0. 10 

1.0505 

74.49 

0.0928 

0.09 

1.1205 

73.85 

0.0706 

0.09 

1.1905 

73.31 

0.0525 

0.09 

1.2805 

72.70 

0.0313 

0.09 

1.3805 

72.22 

0.0151 

0.08 

1.4805 

71 .96 

0.0061 

0.08 

1.5805 

71.84 

0.0020 

0. 08 

1.6805 

71.81 

0.0010 

0. 08 

1.7805 

71.78 

0.0000 

1WFll«0.003 

END2> 0.2101 N. KEEN 

DEN02>O.Odl OREEN> 

> 5659. 

36. 

TOolOl.02 



OEl.l> 0. 
RE02«5983 


UINF« 93. 

a FT/SEC X- 69, 

.1 INCHES 

PC*T« 3 




TINF- 72. 

0 DEG F PINF- 

2120. PSF 






VFI.OCITY PROFIL 

c 


TEMPERATURE 

PROFILE 


Y( INCHES I 

U(FT/SEC» 

UBAR 

cu 

Y( INCHES) 

T(0E6 FI ' 

TBAR 

0.010 

18.27 

0.3397 

0. 25 

0.0215 

92 .02 

0.6812 

0.011 

18.77 

0.3491 

0.24 

0.0225 

91.41 

0.6603 

0.012 

19.14 

0.3560 

0. 23 

1.3195 

90.88 

0.6424 

0.013 

19.85 

0.3692 

0.23 

0.0295 

90 .47 

0.6285 

0.014 

20.43 

0.3800 

0.22 

0.0255 

90.27 

0.6215 

0.015 

20.94 

0.3895 

0. 21 

0.0275 

89.60 

0.5986 

0.017 

21.87 

0.4067 

0.21 

0.0295 

89.13 

0.5826 

0.019 

22.57 

0,4197 

0. 20 

0.0325 

88.64 

0.5657 

0.022 

23.35 

0.4343 

0.19 

0.0365 

87 .96 

0.5428 

0.025 

24.19 

0.4498 

0.19 

0.0415 

87.47 

0.5258 

0.029 

24.95 

0.4640 

0. 18 

0.0485 

86.85 

0.5048 

0.033 

25.52 

0.4747 

0.18 

0.0575 

86.33 

0.4869 

0.039 

26.17 

0.4867 

0. 17 

0.0685 

85.89 

0.4719 

0.046 

26.82 

0.4989 

0. 17 

0.0805 

85.54 

0.4599 

0.054 

27.49 

0.5112 

0. 16 

0.0955 

85.13 

0.4459 

0.062 

27.83 

0.5176 

0.16 

0.1155 

84.69 

0.4309 

0.072 

28.45 

0.5290 

0.16 

0.1405 

84.34 

0.4189 

0.087 

29.02 

0.5397 

0.15 

0.1705 

83.84 

0.4019 

0.102 

29.46 

0.5479 

0. 15 

0.2105 

83.31 

0.3839 

0.122 

30.16 

0.5609 

0. 15 

0.2605 

82.64 

0.3609 

0.147 

30.86 

0.5739 

0. 15 

0.3105 

82.11 

0.3429 

0.177 

31.52 

0.5862 

0.14 

0.3705 

81.49 

0.3219 

0.217 

32.19 

0.5986 

0. 14 

0.4305 

80.76 

0.2968 

0.267 

33.20 

0.6174 

0. 14 

0.4905 

80.11 

0.2748 

0.322 

34.20 

0.6360 

0. 13 

0.5505 

79.44 

0.2517 

0.397 

35.56 

0.6614 

0.13 

0.6105 

78.79 

0.2297 

0.472 

36.86 

0.6854 

0. 12 

0.6705 

78.09 

0.2056 

0.547 

38.37 

0.7136 

0. 12 

0.7305 

77.47 

0.1845 

0.62 2 

39.87 

0,7416 

0.11 

0.7905 

76.88 

0.1644 

0.697 

41.49 

0.7715 

0.11 

0.8505 

76.23 

0.1423 

0.772 

43.00 

0,7997 

0. 10 

0.9105 

75.64 

0.1222 

0.B47 

44.66 

0.8306 

0. 10 

0.9805 

75.05 

0.1021 

0.922 

46.10 

0.8574 

0. 10 

1.0505 

74.46 

0.0820 

0.997 

47.63 

0.8858 

0.09 

1.1205 

73.90 

0.0628 

1.072 

49.00 

0.9112 

0.09 

1.1905 

73.43 

0.0467 

1.147 

50.24 

0.9343 

0.09 

1.2605 

72.93 

0.0296 

1.222 

51.37 

0.9553 

0.09 

1.3805 

72.49 

0.0145 

1.297 

52.27 

0.9721 

0. 09 

1.4805 

72.22 

0.0054 

1.372 

52.89 

0.9636 

0.09 

1.5805 

72.11 

0.0014 

1.472 

53,42 

0.9936 

0. 08 

1.6805 

72 .08 

0.0005 

1.572 

53 .61 

0.9971 

0.08 

1.7805 

72.06 

0.0000 

1.672 

53.77 

1.0000 

0.08 








EN02« 0.1941N. REEN> 5216. 

TO-101.36 F 

325IN. 

DEL2- 0.2191 N. 

H« 1.487 

DDEl.1-0.003 

OEN02-0.01I OREEN> 

307. 



.1 Dr)FL2*0.001 
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UIMF* 53.7 

FT/SEC X- 69. 

5 INCHES 

T1NF« 72.1 

DEG F P1NF» 

2120. PSF 


VELOCITY profile 

YIINCHES) 

U(FT/SFCI 

UBAR 

0.010 

17 .78 

0.3309 

0.011 

18.40 

0.3425 

0.012 

19.03 

0.3543 

0.013 

19.67 

0.3661 

0.014 

20.24 

0.3768 

0.015 

20.82 

0.3875 

0.017 

21.75 

0.4048 

0.019 

22.40 

0.4169 

0.022 

23.38 

0.4352 

0.025 

24.12 

0.4489 

0.029 

24.94 

0.4641 

0.033 

' 25.58 

0.4760 

0.039 

26.38 

0.4910 

0.046 

26.96 

0.5017 

0.054 

27.42 

0.5103 

0.062 

27.99 

0.5210 

0.072 

28.60 

0.5322 

0.087 

29.25 

0.5445 

0.102 

29.82 

0.5550 

0.122 

30.48 

0.5672 

0.147 

31.37 

0.5839 

0.177 

■ 32.09 

0.5972 

0.217 

32.99 

0.6140 

0.267 

33.93 

0.6314 

0.322 

35.03 

0.6520 

0.397 

36.35 

0.6765 

0.472 

37.76 

0.7 027 

0.547 

39.27 

0.7310 

0.622 

40.73 

0.7581 

0.697 

42.31 

0.7875 

0.772 

43.73 

0-8139 

0.B47 

45 .23 

0.8419 

0.922 

46.58 

0.8670 

0.997 

48.02 

0.8938 

1.072 

49.29 

0.9173 

1.147 

50.43 

0.9385 

1.222 

51 .39 

0.9564 

1.297 

52.28 

0.9730 

1.372 

52.84 

0.9835 

1.472 

53.32 

0.9924 

1.572 

53.56 

0.9969 

1.672 

53.65 

0.9986 

1.772 

53.73 

1.0000 


0EL1« 0.3121N. 0EL2« 0.213IN.^ ' H» 1.467 

RED2«5B0S.2 noFL'2«0. 001 


P0PT= 


4 



TEMPERATURE PROFILE 


YtIKCHESI TIDEG FI TBAR 


0. 25 
0.24 

0.0215 

92.86 

0.6780 

0. 24 

0.0225 

92.46 

0.6645 

0.23 

0.0235 

91.99 

0.6490 

0.22 

0.0245 

91.61 

0.6364 

0. 22 

0.0255 

91.26 

0.6248 

0.21 

0.0275 

90.65 

0.6045 

0.20 

0.0295 

90.21 

0.5899 

0. 19 

0.0325 

89.63 

0.5705 

0.19 

0.0365 

89.02 

0.5502 

0.18 

0.0415 

88.55 

0.5346 

0.18 

0.0485 

87.85 

0.5114 

0.17 

0.0575 

87.35 

0.4949 

0. 17 

0.0685 

86.88 

0.4793 

0. 16 

0.0805 

86.50 

0.4667 

0.16 

0.0955 

86.18 

0.4560 

0. 16 

0.1155 

85.65 

0.4385 

0.15 

0.1405 

85.16 

0.4220 

0. IS 

0.1705 

84.66 

0.4054 

0.15 

0.2105 

84.04 

0.3850 

0. 14 

0.2605 

83.40 

0.3636 

0.14 

0.3105 

82.70 

0.3402 

0. 14 

0.3705 

32.02 

0.3178 

0.13 

0.4305 

81 .26 

0.2925 

0.13 

0.4905 

80.55 

0.2691 

0.12 

0.5505 

79.91 

0.2476 

0.12 

0.6105 

79.17 

0.2232 

0.11 

0.6705 

78.50 

0.2008 

0. 11 

0.7305 

77.88 

0.1803 

0.11 

0.7905 

77.26 

0.1597 

0.10 

0.8505 

76.70 

0.1412 

0.10 

C.9105 

76.11 

0.1216 

0. 10 

0.9805 

75.53 

0.1021 

0.09 

1.0505 

74.91 

0.0815 

0.09 

1. 1205 

74.38 

0.0639 

0.09 

1.1905 

73.88 

0.0472 

0. 09 

1.2805 

73 .40 

0.0316 

0. 09 

1.3805 

.72.96 

0.0169 

0.09 

1.4805 

72.70 

0.0080 

0.08 

1.5805 

72 .56 

0.0035 

0.08 

1.6805 

.72.49 

0.0012 

0. 08 

1.7855 

72.47 

■ 0.0005 

0.08 

1.8805 

72.45 

0.0000 

DOEl l«0.303 

EN02* 0.204IN. 

OE NO 2« 0.001 OR 

REEN« 5442. 
EEN» 36. 

TQ«102.5 
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UINF» 53.7 FT/SEC X= 69.1 INCHES PORT* 

TINF* 72.2 DEG F PINF- 2120. PSF 


VELCCITV PROFILE 


TEMPERATURE PROFILE 


VtlNCHESi 

UIFT/SEC) 

UBAR 

OU 

YC INCHES » 

TIDEG F) 

TBAR 

0.010 

17.17 

0.3198 

0.26 

0.0215 

94.76 

0.7141 

O.Oll 

17.42 

0.3244 

0. 26 

0.0225 

94.38 

0.7C14 

0.012 

17.94 

0.3340 

0.25 

0.0235 

93.91 

0.6856 

0.013 

18.59 

0.3460 

0.24 

0.0245 

93.68 

0.6777 

0.014 

19.01 

0.3540 

0.24 

0.0255 

93.36 

0.6669 

0.015 

19.71 

0.3670 

0.23 

0.0275 

92.89 

0.6511 

0.017 

20.49 

0.3815 

0. 22 

0.0295 

92.54 

0.6393 

0.019 

21 .08 

0.3926 

0.21 

0.0325 

92.17 

0.6265 

0.022 

21.96 

0.4089 

0.20 

0.0365 

91.79 

0.6137 

0.02 5 

22.69 

0.4225 

0.20 

0.0415 

91.47 

0.6028 

0.029 

23.25 

0.4329 

0. 19 

0.0485 

91.20 

0.5940 

0.033 

23.82 

0.4434 

0. 19 

0.0575 

90.94 

0.5851 

0.039 

24.40 

0.4542 

0. IS 

0.0685 

90.68 

0.5762 

0.046 

24 .91 

0.4638 

o.ia 

0.0805 

90.39 

0.5663 

0.054 

25.15 

0.4683 

0. 18 

0.0955 

90.27 

0.5624 

0.062 

25.48 

0.4744 

0.18 

0.1155 

90.04 

0.5545 

0.072 

25.58 

0.4764 

0.18 

0.1405 

89.69 

0.5427 

0.087 

25.87 

0.4816 

0.17 

0.1705 

89.31 

0.5298 

0.102 

26.06 

0.4852 

0.17 

0.2105 

88.72 

0.5101 

0.122 

26.01 

0.4844 

0.17 

0.2605 

87.93 

0.4834 

0.147 

25.95 

0.4831 

0.17 

0.3105 

86.77 

0.4438 

0.177 

26.33 

0.490'3 

0.17 

0.3705 

85.39 

0.3973 

0.217 

27.26 

0.5076 

0.17 

0.4305 

84.16 

0.3557 

0.267 

28.67 

0.5338 

0.16 

0.4905 

83.05 

0.3181 

0.322 

30.68 

0.5712 

0.15 

0.5505 

82.23 

0.2903 

0.397 

33.09 

0.6160 

0.14 

0.6105 

81.41 

0.2625 

0.472 

35.01 

0.6518 

0.13 

0.6705 

80.64 

0.^367 

0.547 

36.67 

0.6827 

0.12 

0.7305 

79.88 

0.2109 

0.622 

38.55 

0.7178 

0. 12 

0.7905 

79.17 

0.1370 

0.697 

40.25 

0.7495 

0.11 

0.8505 

78.47 

0.1632 

0.772 

42.14 

0.7847 

0.11 

0.9105 

77.82 

0.1413 

0.847 

43.82 

0.8158 

0. 10 

0.9805 

77.09 

0.1164 

0.922 

45.40 

0.8453 

0.10 

1.0505 

76.58 

0.0925 

0.997 

47.03 

0.8757 

0. 10 

1.1205 

75.85 

0.0746 

1.072 

43.56 

0.9042 

0.09 

1.1905 

75.32 

0.0566 

1*147 

49.73 

0.9258 

0.09 

1.2805 

74.76 

0.0377 

1.222 

50.88 

0.9474 

0.09 

1.3805 

74.29 

0.0217 

1.297 

51.73 

0.9632 

0.09 

1.4805 

73.93 

0.0098 

1.372 

52.52 

0.9779 

0.09 

1.5805 

73.76 

0.0038 

1.472 

53.24 

0.9913 

0.08 

1.6805 

73.67 

0.0007 

1.572 

53.54 

0.9969 

0.08 

1.7805 

73.65 

0.0001 

1.672 

53.71 

1.0000 

0. 08 

1.8805 

73.65 

0.0000 


DELI* 0.369IN. 

0EL2* 0.231IN. 

H* 1.596 

ODEL 1*0.003 

EN02* 0.222IN. 

REEN* 5912. 

70*103.21 

RE 02 *6305.0 

OOEL 2*0. 1)01 



0EN02*0.001 

0»EEN* 33. 
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UINF- 53.7 FT/SFC X. 69.5 INCHES PO«T= 

TINF* 72.2 OEG F PINF» 2120. PSF 

VELOCITY PROFILE 


TEMPERATURE PROFILE 


VI INCHES) 

UIFT/SEC) 

IJBAR 

OU 

VI INCHES) 

TIDEG F) 

TB4R 

0.010 

9.07 

0.1687 

0. 50 

0.0215 

96.44 

0.7688 

0.011 

9.42 

0.1752 

0.48 

0.0225 

96.12 

0.7580 

0.012 

10.03 

0.1866 

0.45 

0.0235 

95.92 

0.7511 

0.013 

10.39 

0.1934 

0.43 

0.0245 

95.66 

0.7423 

0.014 

10.50 

0.1953 

0.43 

0.0255 

95.51 

0.7373 

0.015 

11.00 

0.2046 

0.41 

0.0275 

95.22 

0.7275 

0.017 

11.43 

0.2127 

0.39 

0.0295 

95.05 

0,7216 

0.019 

12.13 

0.2256 

0. 37 

0. 0325 

94.84 

0.7147 

0.022 

12.61 

0.2346 

0. 36 

0.0365 

94.64 

0.7078 

U.025 

13.20 

0.2455 

0. 34 

0.0415 

94.49 

0.7029 

0.029 

13.87 

0.2581 

0. 32 

0.0485 

94.35 

0.6980 

0.033 

14.21 

0.2644 

0.32 

0.0575 

94.35 

026980 

0.039 

14.67 

0.2730 

0.31 

0.0665 

94.29 

0.6960 

0.046 

14.94 

0.2779 

0.30 

0.0805 

94.29 

0.6960 

0.054 

15.27 

0.2841 

0.29 

0.0955 

94.20 

0.6930 

0.062 

15.10 

0.2809 

0. 30 

0.1155 

94.15 

0.6911 

0.072 

15.03 

0.2797 

0.30 

0.1405 

93.97 

0.6852 

0.087 

14.32 

0.2665 

0.31 

0.1705 

93.48 

0.6684 

0.102 

13.93 

0.2592 

0.32 

0.2105 

92.89 

0.6487 

0.122 

11.12 

0.2440 

0.34 

0.2605 

91.76 

0.6103 

0.147 

12.44 

0.2315 

0.36 

0.3105 

90.50 

0.5679 

0.177 

12.63 

0.2350 

0.36 

0.3705 

88.37 

0.4958 

0.217 

14.02 

0.2608 

0.32 

0.4305 

86.21 

0.4226 

0.267 

17.65 

0.3284 

0.25 

0.4905 

84.48 

0.3641 

0.322 

22.46 

0.4179 

0. 20 

0.5505 

83.19 

0.3205 

0.388 

28.51 

0.5304 

0. 16 

0.6105 

82.23 

0.2878 

0.472 

32.18 

0.5986 

0.14 

0.6705 

81.38 

0.2590 

0.547 

34.33 

0.6388 

0. 13 

0.7305 

80.50 

0.2292 

0.622 

36.33 

0.6759 

0.12 

0.7905 

79.76 

0.2044 

0.697 

38.18 

0.7103 

0. 12 

0.8505 

78.97 

0.1775 

0.772 

40.06 

0.7453 

0.11 

0.9105 

78.29 

0.1546 

0.847 

42.18 

0.7847 

0.11 

0.9805 

77.53 

0.1288 

0.922 

44.12 

0.8209 

0.10 

1.0505 

76.73 

0.1019 

0.997 

45.93 

0.8546 

0. 10 

1.1205 

76.23 

0.0849- 

1.072 

47.45 

0.8828 

0.09 

1.1905 

75.55 

0.0620 

1.147 

48.90 

0.9099 

0.09 

1.2805 

75.00 

0.0431 

1.222 

50.10 

0.9321 

0.09 

1.3805 

74.41 

0.0231 

1.297 

51.28 

0.9540 

0.09 

1.4805 

74.05 

0.0112 

1.372 

52.23 

0.9717 

0.09 

1.5805 

73.85 

0.0042 

1.472 

53.02 

0.9864 

0.08 

1.6805 

73.76 

0.0012 

1.572 

53.49 

0.9952 

0.08 

1.7805 

73.74 

0.0005 

1.672 

53.63 

0.9978 

0.08 

1.8805 

73.72 

0.0000 

1.772 

53.70 

0.9991 

0.08 




1.372 

53.75 

1.0000 

0.08 




DEL1> 0.477IN. 0EL2s 

0.231IN. 

2.060 

noFl. 1-0.004 

EN02« 0.197IN. REEN 

* 5247. 

TO-103.27 F 

RE02«6319.2 ODEI. 2»0. 

001 



DEN02-0.001 DREEN> 

28. 



234 


UINF- 53.9 FT/SEC 
TIMF* 71.4 :3£G F 


7 


X- 69.5 INCHES PORT= 
PtNF» 2130. PSF 


velocity profile 


TEMPERATURE PROFILE 


Y(INCHES) 

U(FT/SEC) 

UBAR 

OU 

YUNCHESI 

T(OEG F» 

TBAP 

0.010 

15.20 

0.2820 

0. 29 

0.0215 

95.77 

0.7467 

0.011 

15.44 

0.2 864 

0. 29 

0.0225 

95.54 

0.7388 

0.012 

15.98 

0.2964 

0. 28 

0.0235 

95.16 

0.7260 

0.013 

16.55 

0.3071 

0.27 

0.0245 

94.81 

0.7142 

0.014 

17.12 

0.3176 

0. 26 

0.0255 

94.53 

0.7063 

0.015 

17.64 

0.3273 

0.25 

0.0275 

94.23 

0.6944 

0.017 

18.57 

0.3446 

0.24 

0.0295 

93.91 

0.6836 

0.019 

19..02 

0.3529 

0.23 

0.0325 

93.85 

0.6816 

0.022 

19.76 

0.3667 

0.23 

0.0365 

93.48 

0.6688 

0.025 

20.48 

0.3800 

0. 22 

0.0415 

93.16 

0.6579 

0.029 

21 .17 

0.3929 

0.21 

0.0485 

92.86 

0.6480 

0.033 

21.54 

0.3996 

0.21 

0.0575 

92 .72 

0.6431 

0.039 

21.98 

0.4078 

0.20 

0.0685 

92.57 

0.6382 

0.046 

22.54 

0.4182 

0.20 

0.0805 

92.40 

0.6322 

0.054 

22.94 

0.4255 

0. 19 

0.0955 

92.17 

0.6243 

0.062 

23.12 

0.4289 

0.19 

0.1155 

91.96 

0.6174 

0.072 

22.98 

0.4263 

0. 19 

0.1405 

91.99 

0.6184 

0.087 

23.04 

0.4275 

0. 19 

0.1705 

91.38 

0.5976 

0.102 

22.96 

0.4261 

0.19 

0.2105 

90.71 

0.5749 

0.122 

22.77 

0.4224 

0. 20 

0.2605 

89.74 

0.5422 

0.147 

22.81 

0.4233 

0. 20 

0.3105 

88.55 

0.5016 

0.177 

22 .92 

0.4252 

0. 19 

0.3705 

86.85 

0.4441 

0.217 

23.85 

0.4425 

0.19 

0.4305 

85.30 

0.3915 

0.267 

25.70 

0.4768 

0. 17 

0.4905 

84.04 

0.3488 

0.322 

28.07 

0.5207 

0. 16 

0.5505 

82.99 

0.3130 

0.397 

31.08 

0.5766 

0. 14 

0.6105 

82.17 

0.2852 

0.472 

33.39 

0.6195 

0.13 

0.6705 

81.32 

0.2563 

0.547 

34.97 

0.6488 

0. 13 

0.7305 

80.52 

0.2295 

0.622 

36.80 

0.6828 

0.12 

0.7905 

79.85 

0.2065 

0.697 

38.52 

0.7146 

0.12 

0.8505 

79.11 

0.1816 

0.772 

40.65 

0.7542 

0.11 

0.9105 

78.38 

0.1567 

0.847 

42.40 

0.7866 

O.ll 

0.9805 

77.59 

0.1298 

0.922 

44.33 

0.8224 

0.10 

1.0505 

76.94 

0.1078 

0.997 

45.94 

0.8524 

0. 10 

1.1205 

76.29 

0.0859 

1.072 

47 .45 

0.8802 

0. 09 

1.1905 

75.73 

0.0669 

1.147 

48'.91 

0.9074 

0.09 

1.2805 

75.11 

0.0459 

1.222 

50.13 

C.9301 

0. 09 

1.3805 

74.55 

0.0269 

1.297 

51.45 

0.9545 

0.09 

1.4805 

74.14 

0.0129 

1.372 

52.24 

0.9692 

0.09 

1.5805 

73.89 

0.0044 

1.472 

53.07 

0.9845 

0. 08 

1.6805 

73.80 

0.0012 

1.572 

53.56 

0.9937 

0.08 

1.7805 

73.76 

O.OOOl 

1.672 

1.772 

53.77 
53 .90 

0.9976 

1.0000 

0. 08 
0.08 

1.8805 

73.76 

0.0000 

0EL1> 0.417IN. DEL2= 

RE02>6776. 2 00EL2»0. 

0.246IN. 

001 

H» 1.698 

OOEl 1=0.003 

END2> 0.2291N. REEN 

0END2>0.001 OREEN> 

» 6093, 

37. 

TO-103.24 F 
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UINF« 53.7 FT/SFC X« 69.3 INCHES PORT. 8 
TINF» 70.2 OFG F PINF. 2106. PSF 

VELOCITY PPGFILE 


TEMPERATURE PROFILE 


YIINCHFSI 

UIFT/SECJ 

IJBAP 

00 

VUNCHES) 

TtDEC FI 

TBAR 

0.010 

16.87 

0.3140 

0.27 

0.0215 

97.40 

0.7100 

0.011 

17.90 

0.3332 

0.25 

0.0225 

96.94 

0.6942 

0.012 

18.23 

0.3394 

0. 25 

0.0235 

96.67 

0.6853 

0.013 

18.83 

0.3506 

0.24 

0.0245 

96.24 

0.6705 

O.OIA 

19.65 

0.3658 

0.23 

0.0255 

95.98 

0.6616 

0.015 

19.96 

0.3715 

0.23 

0.0275 

95.42 

0.6429 

0.017 

20.96 

0.3901 

0.22 

0.0295 

95.10 

0.6320 

0.019 

21.53 

0.4008 

0.21 

0.0325 

94.52 

0.6122 

0.022 

22.51 

0.4191 

0.20 

0.0365 

94.00 

0.5945 

0.025 

23.05 

0.4291 

0.20 

0.0415 

98.53 

0.5786 

0.029 

24.02 

0.4471 

0.19 

0.0485 

93.16 

0.5658 

0.033 

24.42 

0.4547 

0.18 

0.0575 

92.51 

0-15440 

0.039 

25.21 

0.4693 

0.18 

0.0685 

92.02 

0.5272 

0.046 

25.67 

0.4778 

0.18 

0. 0805 

91.64 

0.5143 

0.054 

26.29 

0.4895 

0.17 

0.0955 

91.20 

0.4995 

0.062 

26.74 

0.4979 

0.17 

0.1155 

90.82 

0.4866 

0.072 

27.10 

0.5045 

0. 17 

0.1405 

90.18 

0.4648 

0.087 

27.83 

0.5190 

0. 16 

0.1705 

89.60 

0.4450 

0.102 

28.40 

0.5288 

0. 16 

0.2105 

88.99 

0.4242 

0.122 

29.07 

0.5411 

0. 16 

0.2605 

88.26 

0.3994 

0.147 

29.75 

0.5538 

0.15 

0.3105 

87.64 

0.3785 

0.177 

30.60 

0.5696 

0.15 

0.3705 

86.74 

0.3478 

0.217 

31.32 

0.5831 

0. 14 

0.4305 

85.95 

0.3209 

0.267 

32.43 

0.6038 

0.14 

0.4905 

85.24 

0.2971 

0.3^2 

33.41 

0.6220 

0. 14 

0.5505 

84.57 

0.2742 

0.397 

34.70 

0.6460 

0. 13 

0.6105 

83.84 

0.2493 

0.472 

35.87 

0.6678 

0.13 

0.6705 

83.19 

0.2274 

0.547 

37 .28 

0.6940 

0.12 

0.7305 

82 .49 

0.2036 

0.622 

38.86 

0.7235 

0. 12 

0.7905 

82.02 

0.1876 

0.697 

40.44 

0.752*8 

0.11 

0. 8505 

81.20 

0.1597 

0.772 

42.16 

0.7849 

0.11 

0.9105 

80.67 

0.1418 

0.847 

43.50 

0.8098 

0.10 

0.9805 

79.97 

0.1178 

0.922 

44.98 

0.8373 

0. 10 

1.0505 

79.38 

0.0979 

0.997 

46.51 

0.8658 

0. 10 

1.1205 

78.79 

0.0779 

1.072 

47.98 

0.8933 

0. 09 

1.1905 

78.29 

0.0609 

1.147 

49.10 

0.9140 

0.09 

1.2605 

77.70 

0.0410 

1.222 

50.43 

0.9388 

0.09 

1.3805 

77.23 

0.0250 

1.297 

51.36 

0.9562 

0.09 

1.4805 

76.85 

0.0120 

1.372 

52.23 

0.9723 

0. 09 

1.5805 

76.64 

0.0050 

1.472 

53.03 

0.9872 

0.09 

1.6805 

76.56 

0.0022 

1.572 

53.53 

0.9966 

0.08 

1.7805 

76.53 

0.0010 

1.672 

53.61 

0.99S0 

0.08 

1.8805 

76.50 

0.0000 

1.772 

53.71 

0.9999 

0.08 




1.872 

53.72 

1.0000 

0.08 




DELI* 0.35LIN. 

D£L2» 0.233IN. 

H= 1.510 

OPEL 1=0.00? 

EN02* 0.2211N. REEN 

= 5 883. 

T0=105.94 

RED2«6347.4 OD 

9L2-3.001 



0END2=0.001 DREEN= 

37. 



F 
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UINF» 53.8 FT/S6C X« 69.3 INCHES PO«T» 9 
TINF» 71.0 OEG F PINF* 2130. P'F 

VELOCITY PRCFUF TEMPERATURE PROFILE 


yunche: ) 

UIFT/SECl 

UBAP 

00 

Yl INCHES) 

TIOEG FI 

TBAR 

0.010 

17.76 

0.3299 

0.25 

0.0215 

97.02 

0.7007 

0.011 

18.40 

0.3418 

0.24 

0.0225 

96 .53 

0.6840 

0.012 

18.98 

0.3525 

0. 24 

0.0235 

96.09 

0.6693 

0.013 

19.61 

0.3644 

0. 23 

0.0245 

95.72 

0.6565 

0.014 

20.02 

0.3718 

0.22 

0.0255 

95.31 

0.6427 

0.015 

20.62 

0.3831 

0.22 

0.0275 

94.81 

0.6260 

0.017 

21.49 

0.3993 

0.21 

0.0295 

94.23 

0.6063 

0.019 

22.32 

0.4145 

0.20 

0.0325 

93.65 

0.5866 

0.022 

23.18 

0.4305 

0. 19 

0.0365 

93.04 

0.5660 

0.025 

24.09 

0.4475 

0.19 

0.0415 

92.46 

0.5463 

0.029 

24.68 

0.4585 

0.18 

0.0485 

91.87 

0.5265 

0.033 

25.29 

0.4699 

0.18 

0.0575 

91.32 

0.5078 

0.039 

25.91 

0.4812 

0.17 

0.0685 

90.85 

0.4920 

0.046 

26.52 

0.4927 

0. 17 

0.0805 

90.42 

0.4772 

0.054 

26.98 

0.5011 

0.17 

0.0955 

90.07 

0.4654 

0.062 

27.58 

0.5122 

0. 16 

0.1155 

89.72 

0.4536 

0.072 

27.97 

0.5196 

0. 16 

0.1405 

8«.10 

0.4328 

0.087 

28.83 

0.5355 

0.15 

0.1705 

88.69 

0.4190 

0.102 

29.27 

0.5438 

0.15 

0.2105 

88.02 

0.3963 

0.122 

30.01 

0.5575 

0.15 

0.2605 

87.38 

0.3745 

0.147 

30.72 

0.5706 

0.15 

0.3105 

86.82 

0.3557 

0.177 

31.39 

0.5831 

0.14 

0.3705 

86.09 

0.3310 

0.217 

32.25 

0.5991 

0.14 

0.4305 

85.48 

0.3102 

0.267 

33.41 

0.6207 

0.13 

0.4905 

84.78 

0.2865 

0.322 

34.41 

0.6391 

0. 13 

0.5505 

84.13 

0.2647 

0.397 

35.70 

0.6631 

0. 13 

0.6105 

83.46 

0.2419 

0.472 

36.93 

0.6860 

0. 12 

0.6705 

82'.84 

0.2211 

0.547 

38.43 

0.7138 

0. 12 

0.7305 

82.17 

0.1983 

0.622 

39.83 

0.7398 

0.11 

0.7905 

81.55 

0.1774 

0.697 

41 .26 

0.7664 

0. 11 

0.8505 

80.96 

0.1576 

0.772 

42.65 

0.7923 

0.10 

0.9105 

80.35 

0.1367 

0.847 

44.17 

0.8205 

0.10 

0.9805 

79.73 

0.1159 

0.922 

45.57 

0.8464 

0. 10 

1.0505 

79.11 

0.0950 

0.997 

46.90 

0.8711 

0.10 

1.1205 

78.59 

0.0771 

1.072 

48.12 

0.8939 

0. 09 

1.1905 

78.14 

0.0622 

1.147 

49.46 

0.9187 

0.09 

1.2805 

77.53 

0.0413 

1.222 

50.42 

0.9366 

0. 09 

1.3805 

77.03 

0.0244 

1.297 

51.57 

0.9579 

0.09 

1.4805 

76.67 

0.0124 

1.372 

52.26 

0.9707 

0.09 

1.5305 

76.47 

0.0055 

1.472 

53.03 

0*9850 

0.08 

1.6805 

76.36 

0.0020 

1.572 

53.49 

0.9°35 

0.08 

1.7805 

76.31 

0.0002 

1.672 

1.772 

53.77 

53.84 

0.9988 

1.0000 

0. 08 
0. 08 

1.8805 

76.31 

0.0000 

DELI* 0.337! N. OEL?.= 

RED2*6288.3 0DcL2»0. 

0.228IN. 

001 

H- 1.478 

OOEU 1*0.003 

EN02* 0.216IN. REEN 

0EN02*0.001 DREEN* 

» 5750. 

37. 

70*105.87 F 
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UINF» 53.9 FT/<iCC X= 59.3 INCH'S 

TINF* 72.0 DEG F P1NF= 2130. PSF 

VELOCITY PROFILE 


YdNCHES) 

'Jl'T/S'Cl 

■I8AP 

0.010 

17.40 

0.3230 

0.011 

17.87 

0.3317 

0.012 

19.42 

0.3418 

0.012 

19.04 

0.3 534 

0.014 

19.59 

0.3634 

0.015 

20.01 

0.3714 

0.017 

20.82 

0.3865 

0.019 

21.49 

0.3988 

0.022 

22.26 

0.4132 

0.025 

23.00 

0.4269 

0.029 

23.83 

0.4423 

0.033 

24.38 

0.4524 

0.039 

24.96 

0.4533 

0.046 

25.48 

0.4729 

0.054 

26.19 

0.4861 

0.062 

26.60 

0.4937 

0.072 

26.87 

0.4987 

0.087 

27.50 

0.5104 

0.102 

27.91 

0.5160 

0.122 

28.49 

0.5287 

0.147 

29.04 

0.5390 

0.177 

29.45 

0.5465 

0.217 

29.91 

0.5551 

0.257 

30.38 

0.5638 

0.322 

31.43 

0.5832 

0.397 

32.42 

0.6017 

0.472 

34.02 

0.6314 

0.547 

35.77 

0.6639 

0.622 

37.43 

0.6947 

0.697 

39.29 

0.7292 

0.772 

40.94 

0.7599 

0.847 

42.51 

0.7889 

0.922 

44.26 

0.8213 

0.997 

45.71 

0.8482 

1.072 

47.20 

0.8759 

1.147 

48 .68 

0.9034 

1.222 

49.99 

0.9278 

1.297 

51.10 

0.9483 

1.372 

51 .95 

0.9640 

1.472 

52.94 

0.9825 

1.572 

53.53 

0.9934 

1.672 

53 .78 

0.9981 

1.772 

53.88 

1.0000 

OSP'lN. 0EL2» 

0. 2461 N. 

H= 1.5 


RE02«6771.3 0nct2»0.00l 


PQRT« 10 


T£«PE:LAYU>13 profile 

YdNCHESI TIDEG F) TBAR 


0. 26 
0.25 
0.24 
0. 23 
0. 23 
0. 22 
0.21 
0.21 
0. 20 
0.19 
0. 19 
0. 18 
0.18 
0.18 
0.17 
0.17 
0.17 
0.16 
0.16 
0.16 
0.15 
0.15 
0.15 
0.15 
0.14 
0. 14 
0. 13 
0. 13 
0. 12 
0.11 
0.11 
0.11 
0. 10 
0 . 10 
0.09 
0.09 
0.09 
0. 09 
0.09 
0.08 
0. 08 
0.08 
O.OS 


0.0215 

96.79 

0.6996 

0.0225 

96.30 

0.6828 

0.0235 

95.92 

0.6701 

0.0245 

95.57 

0.6583 

0.0255 

95.19 

0.6455 

0.0275 

94.67 

0.6277 

0.0295 

94.17 

0.6110 

0.0325 

93.62 

0.5923 

0.0365 

93.10 

0.5745 

0.0415 

92.60 

0.5578 

0.0435 

91.99 

0.5371 

0.0575 

91.47 

0.5193 

0.0685 

91.03 

0.5045 

0.0805 

98.77 

0.4956 

0.0955 

90.45 

0.4848 

0.1155 

90.07 

0.4719 

0.1405 

89.60 

0.4561 

0.1705 

99.25 

0.4443 

0.2105 

88.96 

0.4344 

0.2605 

88.29 

0.4117 

0.3105 

87.76 

0.3939 

0.3705 

87.15 

0.3731 

0.4305 

86.36 

0.3464 

0.4905 

85.71 

0.3246 

0.5505 

84.86 

0.2958 

0.6105 

84.10 

0.2701 

0.6705 

83.34 

0.2443 

0.7305 

82.64 

0.2205 

0.7905 

81.87 

0.1947 

0.8505 

81.23 

0.1728 

0.9105 

30.58 

0.1510 

0.9805 

79.88 

0.1271 

1.0505 

79.23 

0.1052 

1.1205 

78.59 

0.0833 

1.1905 

78.12 

0.0674 

1.2805 

77.47 

0.0455 

1.3805 

76.91 

0.0266 

1.4805 

76.53 

0.0137 

1.5805 

76.29 

0.0057 

1.6805 

76.18 

0.0020 

1.7805 

76.14 

0.0005 

1.8 805 

76.12 

0.0000 

!IIN. 

REEN= 5889. 

'•0=105.1 

OKEEN> 36. 



oDFi 1=0. om 


EN02> 0.221IN 

0EN02=0.001 


0=105.57 P 


UINF« 53.8 FT/SEC X» 69.5 INCHES 

TINF« 72.0 DEG F PINF- 2130. PSF 

VELOCITY PROFILE 


YHNCHESI U(FT/SEC» U9AR 


0.010 

15.60 

0.2898 

0.011 

15.97 

0.2968 

0.012 

16.56 

0.3077 

0.013 

17.27 

0.3209 

0.014 

17.46 

0.3244 

0.015 

17.90 

0.3325 

0.017 

18.91 

0.3513 

0.019 

19.55 

0.3632 

0.022 

20.23 

0.3759 

0.025 

20.95 

0.3893 

0.029 

21.64 

0.4020 

0.033 

22.24 

0.4131 

0.039 

22.78 

0.4231 

0.046 

29.42 

0.4351 

0.054 

23.81 

0.4423 

0.062 

24.20 

0.4495 

0.072 

24.64 

0.4577 

0.087 

25.27 

0.4695 

0.102 

25.69 

0.4772 

0.122 

25.94 

0.4820 

0.147 

26.34 

0.4894 

0.177 

26.58 

0.4938 

0.217 

26.60 

0.4942 

0.267 

27.10 

0.5035 

0.322 

27,72 

0.5149 

0.397 

28.98 

0.5383 

0.472 

30.67 

0.5697 

0.547 

32.61 

0.6059 

0.622 

34.74 

0.6453 

0.697 

37.03 

0.6880 

0.772 

39.25 

0.7291 

0.847 

41.15 

0.7645 

0.922 

42.88 

0.7967 

0.997 

44.65 

0.8294 

1.072 

46 .38 

0.8617 

1.147 

47.96 

0,8909 

1.222 

49.27 

0.9153 

1.297 

50.53 

0.9388 

1.372 

51.59 

0.9585 

1.472 

52.66 

0.9782 

1.572 

53.30 

0.9902 

1.672 

53.67 

0.9971 

1.772 

53.79 

0.9993 

1.872 

53.83 

1.0000 

OELl- 0.434IN. 0EL2* 

RE02-7159.6 D0EL2»0. 

0. 2601 N. 
001 

H« 1.1 


PORT* 11 


TEMPERATURE PROFILE 


Oil 

YUNCHES) 

TtOEG FI 

TBAR 

0.29 

0.0215 

97.43 

' 0.7255 

0.28 

0.0225 

97.14 

0.7155 

0. 27 

0.0235 

96.65 

0.6986 

0. 26 

0.0245 

96.38 

0.6896 

0. 26 

0.0255 

96.06 

0.6786 

0. 25 

0.0275 

95.57 

0.6617 

0. 24 

0.0295 

95.10 

0.6457 

0.23 

0.0325 

94.49 

0.6247 

0.22 

0.0365 

94.00 

0.6078 

0.21 

0.0415 

98.36 

0.5858 

0.21 

0.0485 

92.84 

0.5678 

0. 20 

0.0575 

92.40 

0.5528 

0. 20 

0.0685 

91.93 

0.5368 

0. 19 

0.0805 

91.61 

0.5258 

0.19 

0.0955 

91.32 

0.5158 

0. 18 

0.1155 

91.00 

0.5048 

0.18 

0.1405 

90.65 

0.4928 

0.18 

0.1705 

90.33 

0.4818 

0.17 

0.2105 

89.98 

0.4698 

0.17 

0.2605 

89.45 

0,4517 

0.17 

0.3105 

88.90 

0.4327 

0. 17 

0.3705 

38.29 

0.4116 

0.17 

0.4305 

87.61 

0.3886 

0.17 

0.4905 

86.85 

0.3625 

0. 16 

0.5505 

85.95 

0.3314 

0.15 

0.6105 

85.04 

0.3002 

0. 15 

0.6705 

84.22 

0.2721 

0.14 

0.7305 

88.43 

0.2450 

0. 13 

0.7905 

82.61 

0.2168 

0.12 

0.8505 

31.82 

0.1896 

0.11 

0.9105 

81 .11 

0.1654 

0.11 

0.9805 

30.41 

0.1413 

0.10 

1.0505 

79.64 

0.1151 

0. 10 

1.1205 

78.97 

0.0919 

0. 10 

1.1905 

78.38 

0.0717 

0.09 

1.2805 

77.76 

0.0505 

0.09 

1.3805 

77.17 

0.0303 

0.09 

1.4605 

76.76 

0.0162 

0.09 

1.5805 

76.50 

0.0071 

0. 08 

1.6805 

76.35 

0.0020 

0.08 

1.7805 

76.30 

9.0002 

0.08 

1.8305 

76.29 

0.0000 

0. 08 
0.08 

DOE L 1*0 .003 

EN02* 0.224IM. REEN 

OEN02>0.001 DREEN* 

• 5925. 

35. 

TO-105.' 
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X» 63. S IWHES ROOT* 2 
PINR» 2127. PSF 


Y« INCHES 1 

U(FT/SEC) 

UB4R 

nu 

Y( INCHES) 

U(FT7SEC) 

■JBAR 

O'J 

0.010 

10.08 

0.1871 

0. 44 

0.010 

17.15 

0.3181 

0.26 

0.011 

10.33 

0.1918 

0. 43 

0.011 

17.57 

0.3259 

0.25 

0.012 

10.84 

0.2012 

0.41 

0.012 

18.45 

0.3423 

0. 24 

0.013 

11 .25 

0.2088 

0. 40 

0.013 

18.96 

0.3518 

0.24 

0.016 

11.72 

0.2175 

0.38 

0.014 

19.76 

0.3666 

0. 23 

0.015 

12.03 

0.2234 

0. 37 

0.015 

20.01 

0.3712 

0.22 

0.017 

12.57 

0.2335 

0.36 

0.017 

20.74 

0.3848 

0.22 

0.019 

13.06 

0.2425 

0.34 

0.019 

21.38 

0.3966 

0. 21 

0.022 

13.74 

0.2551 

0.33 

0.022 

22.15 

0.4109 

0.20 

0.02 5 

14.07 

0.2513 

0.32 

0.025 

22.61 

0.4194 

0. 20 

0.029 

14.57 

0.2 705 

0.31 

0.029 

23.23 

0.4310 

0. 19 

0.033 

15.13 

0.2809 

0.30 

0.033 

23.81 

0.4417 

0.19 

0.039 

15.56 

0.2883 

0.29 

0.039 

24.47 

0.4539 

0.18 

0.046 

15.94 

0.2960 

0.28 

0.046 

24.70 

0.4581 

0.18 

0.054 

16.11 

0.2990 

0.28 

0.054 

25.09 

0.4655 

0. IS 

0.062 

16.17 

0.3003 

0.28 

0.062 

25.40 

0.4713 

0.18 

0.072 

16.14 

0.2996 

0.28 

0.072 

25.46 

0.4723 

0.18 

0.087 

15.61 

0.2398 

0.29 

0.087 

25.72 

0.4771 

0.17 

0.102 

15.01 

0.2787 

0.30 

0.102 

25.76 

0.4779 

0. 17 

0.122 

14.27 

0.2649 

0.31 

0.122 

25 .72 

0.4771 

0.17 

0.147 

14.18 

0.2633 

0.31 

0.147 

25.79 

0.4784 

0.17 

0.177 

14.06 

0.2611 

0. 32 

0.177 

26.45 

0.4906 

0. 17 

0.217 

16.02 

0.2975 

0.28 

0.217 

27.46 

0.5095 

0.16 

0.267 

19.97 

0.3709 

0.22 

0.267 

29.41 

0.5455 

0. 15 

0.322 

25.19 

0.4677 

0.18 

0.322 

31.95 

0.5927 

0.14 

0.397 

31.68 

0.5383 

0.14 

0.397 

34.58 

0.6414 

0. 13 

0.472 

35.27 

0.6549 

0. 13 

0.472 

36.77 

0.6821 

0.12 

0.547 

37.71 

0.7002 

0. 12 

0.547 

38.83 

0.7202 

0.12 

0.622 

40.09 

0.7444 

0.11 

0.622 

41.03 

0.7611 

0.11 

0.697 

42.44 

0.7880 

0.11 

0.697 

43.10 

0.7995 

0.10 

0.772 

44.79 

0.8316 

0. 10 

0.772 

45.35 

0.8412 

0.10 

0.B47 

46.95 

0.8716 

0.10 

0.847 

47.34 

0.8782 

0.09 

0.922 

48.94 

0.9087 

0. 09 

0.922 

49.08 

0.9104 

0.09 

0.997 

50.42 

0.9361 

0.09 

0.997 

50.59 

0.9384 

0. 09 

1.072 

51.62 

0.9585 

0.09 

1.072 

51.80 

0.9609 

0.09 

1.147 

52.59 

0.9765 

0.03 

1.147 

52.71 

0.9778 

0.08 

1.222 

53.24 

0.9885 

0.03 

1.222 

53.18 

0.9866 

0;0B 

1.297 

53.60 

0.9952 

0. OB 

1.297 

53.58 

0.9940 

0.08 

1.372 

53.80 

0.9990 

0.08 

1.372 

53.79 

0.9978 

0.08 

1.472 

53.81 

0.9991 

0.08 

1.472 

53.83 

0.9985 

0.08 

1.572 

53.37 

1.0002 

0. 03 

1.572 

53.90 

0.9999 

0.08 

1.672 

53.36 

1 .0000 

0.08 

1.672 

53.91 

1.0000 

O.OS 

DELI* 0.394IN. 

0EL2= 0.189IN. 

H= 2.084 

OnEL 1*0.004 

DELI* 0.319IN. 

DEL2* 0.196IN. 

Hi 1.624 

ODELliO.003 

nn='. 2 = 0.001 

RE02=5217.8 



RtC2=5420.8 

DnEL?*0.001 




UISf» 53.9 FT/SeC X= 63.5 INCHES PDP.T= 1 UINF= 53.9 f'/SfX. 

TMF= 70.6 DFG F PINF= 2127. PSF TINF= 71.0 OEG F 
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UINF= 53. d 

FT/SEC 

X* 63.3 !NrH = r 

pno*^s 


UI^'F* 53. li 

FT/S=C 

X* 63.5 INCHED 

OORT* 

71NF= 71.6 

OEG F 

PINF* 2127. P-F 



TINF* 11.3 

OEG F 

PINF» 2122. PSF 



Y( INCHES 1 

UIFT/SFC) 

UPAW 

ou 

Y ( INCHES ) 

LKFT/EFCl 

IIBAP 

DU 

0.010 

18.10 

0.3365 

0. 25 

0.010 

19.29 

0.3582 

0.23 

0.011 

13.77 

0.3490 

0. 24 

0.011 

19.44 

0.3611 

0.23 

0.012 

19 .37 

0.3600 

0.23 

0.012 

20.30 

0.3771 

0. 22 

0.013 

20.20 

0.3756 

0.22 

0.013 

21 .07 

0.3913 

0.21 

0.014 

20.67 

0.3842 

0. 22 

0.014 

21 .64 

0.4018 

0.21 

0.015 

21.26 

0.3953 

0.21 

0.015 

22.22 

0.4127 

0.20 

0.017 

22 .05 

0.4099 

0.20 

0.017 

23.05 

0.4282 

0. 19 

0.019 

22 .85 

0.4249 

0.20 

0.019 

23.77 

0.4414 

0.19 

0.022 

23.63 

0.4403 

0. 19 

0.022 

24.78 

0.4603 

0. 18 

0.025 

24.46 

0.4548 

0. 13 

0.025 

25.52 

0.4740 

0. 18 

0.029 

25 .30 

0.4703 

0. 13 

0.029 

26.25 

0.4875 

0. 17 

0.033 

25.93 

0.4320 

0. 17 

0.033 

26.91 

0.4997 

0. 17 

0.039 

26.60 

0.4946 

0. 17 

0.039 

27.58 

0.5123 

0.16 

0.046 

27 .20 

0.5058 

0. 16 

0.046 

28.34 

0.5263 

0.16 

0.054 

27.82 

0.5173 

0. 16 

0.054 

28 .87 

0.5362 

0. 16 

0.062 

28.50 

0.5299 

0. 16 

0.062 

29.29 

0.5440 

0.15 

0.072 

28.91 

0.5374 

0. 15 

0.072 

29.95 

0.5563 

0.1'S 

0.0S7 

29.68 

0.5517 

0. IS 

0.087 

30.67 

0.5695 

0.15 

0.102 

30.31 

0.5636 

0.15 

0.102 

31.17 

0.5790 

0. 14 

0.122 

31.17 

0.5794 

0. 14 

0.122 

31.92 

0.5928 

0. 14 

0.147 

32.10 

0.5968 

0. 14 

0.147 

32.72 

0.6077 

0.14 

0.177 

33 .00 

0.6134 

0. 14 

0.177 

33.74 

0.6267 

0.13 

0.217 

34.22 

0.6361 

0. 13 

0.217 

35 .02 

0.6504 

0.13 

0.267 

35.40 

0.6581 

0. 13 

0.267 

36.44 

0.6768 

0.12 

0.322 

36.70 

0.6824 

0.12 

0.322 

37.71 

0.7C03 

0.12 

0.397 

38.41 

0.7141 

0. 12 

0.397 

39.57 

0.7349 

0. 11 

0.472 

40.18 

0.7470 

0. 11 

0.472 

41.14 

0.7641 

0.11 

0.547 

41.94 

0.7790 

0. 11 

0.547 

42.94 

0.7974 

0.10 

0.622 

43 .63 

0.8112 

0. 10 

0.622 

44.49 

0.8262 

0.10 

0.697 

45.46 

0.8451 

0. 10 

0.697 

45.99 

0.8542 

0.10 

0.772 

47 .09 

0.8755 

0.10 

0.772 

47.44 

0.8810 

0.09 

0.347 

48.52 

0.9020 

0.09 

0.847 

48.79 

0.9063 

0.09 

0.922 

49.89 

0.9275 

0.09 

0.922 

50.00 

0.9286 

0.09 

0.997 

51.10 

C.9500 

0. 09 

0.997 

51 .12 

0.9495 

0.09 

1.072 

52.09 

0.9685 

0.09 

1.072 

52.04 

0.9665 

0.09 

1.147 

52.84 

0.9824 

0.08 

1.147 

52.68 

0.9784 

0. 09 

1.222 

51 .34 

0.9916 

0.08 

1.222 

53.32 

0.9902 

0.08 

1.297 

53.58 

0.9962 

0.08 

1.297 

53.59 

0.9952 

0.08 

1.372 

53.74 

0.9991 

0. 08 

1.372 

53.75 

0.9983 

0. 08 

1.472 

53 .76 

0.9999 

0.08 

1.472 

53.84 

1.0000 

0.08 

1.572 

53.75 

0.9993 

0.08 

1.572 

53.85 

1.0002 

0. 08 

1.672 

53.79 

1.0000 

0.08 

1.672 

53.84 

1.0000 

0.08 


DELI* 0.256IM. DEL2* 0.175IK. H= 1.463 ODCl 1*0.003 DELI* 0.24 hIN. 0EL2’ Q.170IN. M* 1.432 DCEL1*0.D03 

RcD2*4RU3.5 DOEL2=0.001 RED2*4675.1 00=12*0.001 



m 


UlM'* 53.9 PT/SEC X* i3 

T|NF* 71.0 OEG F PINF = 

.3 INCHES 
2122. P5F 

PORT* 

y (INCHES) 

H(FT/SEC) 

lIBtR 

OU 

0.010 

19.00 

0.3525 

0.26 

0.011 

19.51 

0.3621 

0. 23 

0.012 

20.18 

0.3766 

0.22 

0.013 

20.93 

0.3886 

0.21 

0.016 

21.66 

0.6018 

0.21 

0.015 

22.13 

0.6106 

C.20 

0.017 

22.88 

0.6265 

0.20 

0.019 

23 .66 

0.6390 

0.19 

0.022 

26.51 

0.6569 

0. 18 

0.025 

25.01 

0.6661 

0. 18 

0.029 

25.87 

0.6801 

0.17 

0.033 

26.66 

0.6907 

0.17 

0.039 

27.10 

0.5030 

0.17 

0.066 

27.79 

0.5157 

0. 16 

0.056 

28.26 

0.5260 

0. 16 

0.062 

28.75 

0.5335 

0. 16 

0.072 

29.15 

0.5610 

0.15 

0.087 

29.69 

0.5508 

0.15 

0.102 

30.12 

0.5588 

0.15 

0.122 

30.76 

0.5703 

0.15 

0.167 

31.36 

0.5818 

0.16 

0.177 

31.80 

0.5901 

0. 16 

0.217 

32.66 

0.6060 

0.16 

0.267 

33.65 

0.6206 

0. 13 

0.322 

36.66 

0.6628 

0.13 

0.397 

36.16 

0.6710 

0.12 

0.672 

38.07 

0.7066 

0. 12 

0.567 

60.03 

0.7629 

0.11 

0.622 

62.26 

0.7838 

0. 11 

0.697 

66 .15 

0.8193 

0. 10 

0.772 

65.79 

0.8697 

0. 10 

0.867 

67.65 

0.8806 

0.09 

0.922 

69.01 

0.9095 

0.09 

0.997 

50.27 

0.9328 

0.09 

1.072 

51 .62 

0.9562 

0.09 

1.167 

52.36 

0.9715 

0.09 

1.222 

53.01 

0.9836 

0.08 

1.297 

53.51 

0.9929 

0.08 

1.372 

53.71 

0.9967 

0. 08 

1.672 

53.85 

0.9993 

0.08 

1.572 

53.89 

1.0000 

0.08 

0.2B51N. DEL2* 

5260.1 0OEL2*0. 

0. 1911 N. 
001 

H= 1.689 

nOEL 1 


UlNFs 

53.9 

FT/SEC 

X* 63.3 INCHES 

PORT. 

TINF» 

71.0 

OEG F 

PINF- 2122. PSF 



y(INCHES) 

UIFT/SFC) 

UBA» 

DU 

0.010 

17.17 

0.3186 

0. 26 

0.011 

17.69 

0.3281 

0.25 

0.012 

18.60 

0.3616 

0.26 

0.013 

19.01 

0.3528 

0.26 

0.016 

19.67 

0.3612 

0. 23 

0.015 

20.01 

0.3713 

0.22 

0.017 

20.82 

0.3863 

0.22 

0.019 

21.66 

0.6019 

0.21 

0.022 

22.22 

0.6123 

0. 20 

0.025 

22.86 

0.6238 

0. 20 

0.029 

2>.58 

0.6376 

0. 19 

0.033 

26.19 

0.6689 

0.19 

0.039 

26.87 

0.6616 

0. 18 

0.066 

25.69 

0.6729 

0.18 

0.056 

26.02 

0.6828 

0.17 

0.062 

26.68 

0.6912 

0. 17 

0.072 

26.75 

0.6966 

0. 17 

0.087 

27.33 

0.5070 

0. 16 

0.102 

27.68 

0.5135 

0. 16 

0.122 

28.05 

0.5206 

0. 16 

0.167 

28.39 

0.5267 

0.16 

0.177 

28.65 

0.5316 

0. 16 

0.217 

29.08 

0.‘5396 

0.15 

0.267 

29.79 

0.5528 

0. 15 

0.322 

30.62 

0.5681 

0. 15 

0.397 

32.22 

0.5978 

0. 16 

0.672 

36.51 

0.6602 

0. 13 

0.567 

37.07 

0.6877 

0.12 

0.622 

39.63 

0.7356 

0. 11 

0.697 

62^20 

0.7831 

0.11 

0.772 

66.21 

0.8203 

0. 10 

0.867 

66.01 

0.8538 

0. 10 

0.922 

67.82 

0.8872 

0.09 

0.997 

69.36 

0.9155 

0.09 

1.072 

50.76 

0.9615 

0. 09 

1.167 

51.92 

0.9636 

0.09 

1.222 

52.76 

0.9789 

0. 09 

1.297 

53.22 

0.9876 

0.08 

1.372 

53.60 

0.9966 

0.08 

1.672 

53.80 

0.9982 

0.08 

1.572 

53.90 

1.0001 

0.08 

1.672 

53.90 

1.0000 

O.OS 


I 


DELl> 0.3361N. 
REDZ-5779.5 


0EL2 = , 0.2101 N. 
OD'L 2*0.001 


H* 1.600 DOFLl>0.003 



242 


7 


B 


UINF* 57.8 FT/SEC ' X= 63.5 INCHES PORT. 
TINF» 7J.7 DEC F PINF- 2122. PSF 


UI:jF= 53.6 FT/SEC X» 63.3 INCHES POP.T. 

TINF- 71.9 OEG F PINF» 2122. PSF 


y« INCHES) 

U(FT/SBC) 

IIR6P 

ri'i 

V( INCHES) 

U(FT/SFC) 

UBAR 

pu 

0.010 

18.47 

0.3435 

0. 24 

0.010 

18.72 

0.3476 

0. 24 

0.011 

18.93 

0.3519 

0. 24 

0.011 

19.46 

0.3614 

0.23 

0.012 

19.60 

0.3645 

0. 23 

0.012 

20.17 

0.3745 

0.22 

0.013 

20.09 

0.3736 

0. 22 

0.013 

21 .00 

0.3899 

0.21 

0.014 

20.81 

0.3869 

0.22 

0.014 

21.51 

0.3995 

0.21 

0.015 

21.25 

0,3950 

0.21 

0.015 

22.05 

0.4094 

0.20 

0.017 

22.08 

0.4105 

0.20 

0.017 

22.76 

0.4226 

0. 20 

0.019 

22.79 

0.4237 

0.20 

0.019 

23.40 

0.4345 

0. 19 

0.022 

23.52 

0,4373 

0.19 

0.022 

24.25 

0.4503 

0. 19 

0.025 

24.21 

0.4501 

0. 19 

0.025 

24.96 

0.4636 

0. 18 

0.029 

24.91 

0.4631 

0.18 

0.029 

25.80 

0.4791 

0. 17 

0.033 

25.49 

0.4739 

0. 18 

0.033 

26.37 

0.4896 

0. 17 

0.039 

26.25 

0.4879 

0.17 

0.039 

27.02 

0.5013 

0. 17 

0.046 

26.75 

0.4974 

0.17 

0.046 

27.59 

0.5124 

0.16 

0.054 

27.27 

0.5070 

0. 16 

0.054 

2».14 

0.5225 

0. 16 

0.062 

27,71 

0.5152 

0. 16 

0.062 

28.65 

0.5320 

0.16 

0.072 

28.10 

0.5225 

0. 16 

0.072 

29.16 

0.5415 

0.15 

0.087 

28.75 

0.5344 

0.16 

0.087 

29.88 

0.5548 

O.IS 

0.102 

29.21 

0.5431 

0.15 

0.102 

30.50 

0.5664 

0.15 

0.122 

29.68 

0.5519 

0.15 

0.122 

31.13 

0.5780 

0. 14 

0.147 

30 .22 

0.5619 

0. 15 

0.147 

32.10 

0.5961 

0. 14 

0.177 

30.80 

0.5726 

0.15 

0.17T 

32.87 

0.6104 

0. 14 

0.217 

31.51 

0.5859 

0. 14 

0.217 

33.99 

0.6312 

0. 13 

0.267 

32.23 

0.5992 

0.14 

0.267 

35.36 

0.6567 

0.13 

0.322 

33.05 

0.6145 

0.14 

0.322 

36 .60 

0.6797 

0.12 

0.397 

34.44 

0.6403 

0. 13 

0.397 

38.25 

0.7104 

0. 12 

0.472 

36.35 

0.6757 

0.12 

0.472 

39.91 

0.7412 

0.11 

0.547 

38.45 

0.7149 

0.12 

0.547 

41.49 

0.7704 

0.11 

0.622 

40.55 

0.7539 

0. 11 

0.622 

42.95 

0.7977 

0. 10 

0.697 

42.60 

0.7920 

0. 11 

0.697 

44.52 

0.8267 

0.10 

0.772 

44.52 

0.8278 

U. 10 

0.772 

45.95 

0.8533 

0. 10 

0.847 

46 .21 

0.8592 

0. 10 

0.847 

47.27 

0.8778 

0. 10 

0.922 

47.87 

0.8900 

0.09 

0.922 

48.70 

0.9044 

0.09 

0.997 

49.37 

0.9178 

0.09 

0.997 

49.97 

0.9281 

0.09 

1.072 

50.77 

0.9438 

0.09 

1.072 

51.06 

0.9483 

0.09 

1.147 

51.86 

0.9641 

0.09 

1.147 

51.94 

0.9646 

0. 09 

1.222 

52.73 

0.9803 

0.09 

1.222 

52.82 

0.9808 

0.09 

1.297 

53.24 

0.9898 

0.08 

1.297 

53.23 

0.9885 

0.08 

1.372 

53.61 

0,9966 

0. 08 

1.372 

53.61 

0.9957 

0.08 

1.472 

53.76 

0.9995 

0.08 

1.472 

53.75 

0.9981 

0.08 

1.572 

53.77 

0.9998 

0.08 

1.572 

53.80 

0.9992 

0. 03 

1.672 

53.79 

1.0000 

0. 08 

1.672 

53 .85 

1.0000 

0.03 

0.310IN. DEL2* 

0.2031N. 

H* 1.526 

D0FL1*0.003 OELl* 

0.271IN. 0EL2* 

0. 1871N. 

H« 1.447 

DOEL 1*0.003 


DnEL2*0.00l RE02-5133.7 00^12*0.001 


OELl* 0.310IN 
RE02*5593.0 



cw 


UINF- 53.8 FT/SEC 
tinF» 72.3 DEG = 


X> 63.3 INCHES 
PINF= 2122. PSE 


¥( INCHES) U(FT/SEC) UBAP 


0.010 

17.94 

0.3335 

0.011 

18.20 

0.3384 

0.012 

19.49 

0.3623 

0.013 

20.10 

0.373R 

0.014 

20.41 

0.3 704 

0.015 

20.97 

0.3898 

0.017 

21.94 

0.4079 

0.019 

22.68 

0.4217 

0.022 

28 .54 

0.4377 

0.025 

24.25 

0.4509 

0.029 

25.04 

0.4656 

0.033 

25.63 

0.4801 

0.039 

26.45 

0.4917 

0.046 

27.22 

0.5061 

0.054 

27.82 

0.5172 

0.062 

2B.20 

0.5243 

0.072 

28.77 

0.5350 

0.087 

29.70 

0.5521 

0.102 

30.11 

C.5598 

0.122 

30.95 

0.5754 

0.147 

31.86 

0.5927 

0.177 

32.91 

0.6119 

0.217 

34.19 

0.6356 

0.267 

35.39 

0.6580 

0.322 

36.54 

0.6794 

0.397 

38.16 

0.7094 

0.472 

39.88 

0.7415 

0.547 

41 .58 

0.7730 

0.622 

43.24 

0.8J39 

0.697 

44.83 

0.8335 

0.772 

46.24 

0.8598 

0.847 

47.57 

0.8845 

0.922 

46.95 

0.9100 

0.997 

50.14 

0.9321 

1.072 

51 .05 

0.9492 

1.147 

51 .89 

0.9648 

1.222 

57.65 

0.9789 

1.297 

58.16 

0.9884 

1.372 

58.55 

U.9956 

1.472 

53.73 

C.9939 

1.572 

53 .78 

0.9999 

1.672 

53.79 

1.0000 


OELl' 0.269IN 
RED2'S061.8 


0EL2» 0. 1S5IN, 

bDFl.2*'J.301 


H= 1.653 


PORT 


9 


UINF« 53.9 FT/SEC 
TINF« 67.8 DEG F 


X« 63. i INCHES 
PINF* 2120. PSF 


PORT. 10 


OU 

VI INCHES) 

U(FT/SEC) 

UBIP 

Oil 

0.25 

0.010 

17.48 

0.3243 

0. 26 

0.25 

O.Oll 

18.17 

0.3370 

0.25 

0. 23 

0.012 

16.90 

0.3506 

0.24 

0.22 

0.013 

19.37 

0.3593 

0.23 

0.22 

0.014 

19.92 

0.3696 

0.22 

0.21 

0.015 

20.21 

0.3749 

0.22 

0.20 

0.017 

20.92 

0.3881 

0.21 

0.20 

0.019 

21.50 

0.3989 

0.21 

0. 19 

0.022 

22.17 

0.4113 

0.20 

0. 19 

0.025 

22.80 

0.4231 

0.20 

0.18 

0.029 

23.36 

0.4335 

0.19 

0.17 

0,033 

23.82 

0.4420 

0.19 

0. 17 

0.039 

24.37 

0.4521 

0. 18 

0. 17 

0.046 

24.75 

0.4591 

0.18 

0.16 

0.054 

25.14 

0.4664 

0.16 

0.16 

0.062 

25.44 

0,4719 

0.18 

0. 16 

0.072 

25.47 

0.4726 

0.18 

0. 15 

0.087 

25.54 

0.4739 

0.17 

0.15 

0.102 

25.57 

0.4743 

0. 17 

0.15 

0.122 

25.76 

0.4779 

0.17 

0.14 

0.147 

25.73 

0.4774 

0. 17 

0.14 

0.177 

26.12 

0.4846 

0. 17 

0.13 

0.217 

27.37 

0.5078 

0. 16 

0.13 

0.267 

29.28 

0.5433 

0.15 

0. 12 

0.322 

31.57 

0.5857 

0.14 

0.12 

0.397 

34.54 

0.6407 

0.13 

0. 11 

0.472 

36.63 

0.6795 

0. 12 

0. 11 

0.547 

36.62 

0.7165 

0.12 

0.10 

0.622 

40 .60 

0.7533 

0. 11 

0.10 

0.697 

42.60 

0.7903 

0. 10 

0. 10 

0.772 

44.58 

0.8272 

0.10 

0.09 

0.847 

46.39 

0.8607 

0.10 

0.09 

0.922 

48.02 

0.8909 

0.09 

0.09 

0.997 

49.52 

0.9187 

0.09 

0. 09 

1.072 

50.77 

0.9419 

0.09 

0.09 

1.147 

51 .78 

0.9606 

0. 09 

0.09 

1.222 

52.52 

0.9744 

0.06 

0.08 

1.297 

53.19 

0.9868 

0.08 

0.08 

1.372 

53.59 

0.9943 

0. 08 

0. 08 

1.472 

53.83 

0.9987 

0.08 

0.08 

1.572 

53.90 

l.OOOO 

0.08 

0.08 

1.672 

53.90 

1.0000 

0. 08 


mFLl*0.003 DELI* 0.331IN. 

RED2*5718.6 


DEL2* 0.206IN. 
DriFL2*D. om 


H. 1.611 


ODFI, l«O.OP3 



UINF» 53,9 FT/SEC 
TINF* 68.7 DEG F 


X* 63. S INCHES 
PINF* 2120. PSF 


PORT* 


11 


Y( INCHES 1 

U(FT/SEC) 

UBAR 

□U 

0.010 

9.64 

0.1787 

0. 46 

0.011 

10.12 

0.1877 

0.44 

0.012 

10.39 

0.1927 

0. 43 

0.013 

10.81 

0.2005 

0.41 

0.014 

11 .40 

0.2113 

0.39 

0.015 

11.89 

0.2205 

0. 38 

0.017 

12 .28 

0.2277 

0. 36 

0.019 

12.63 

0.2341 

0. 35 

0.022 

13.14 

0.2437 

0. 34 

0.025 

13.70 

0.2540 

0. 33 

0.029 

14.29 

0.2649 

0.31 

0.033 

14.69 

0.2724 

0. 30 

0.039 

15.18 

0.2815 

0.29 

0.046 

15.53 

0.2879 

0, 29 

0.054 

15.69 

0.2909 

0.28 

0.062 

15.80 

0.2930 

0.28 

0.072 

15.67 

0.2906 

0.28 

0.086 

15.34 

0.2844 

0.29 

0.102 

14.37 

0.2757 

0. 30 

0.122' 

14.04 

0.2604 

0. 32 

0.147 

13.70 

0,2540 

0.33 

0.177 

13.77 

0.2554 

0. 32 

0.217 

15.40 

0.2855 

0.29 

0.267 

18.91 

0.3507 

0.24 

0.322 

23.79 

0.4411 

0. 19 

0.397 

29.95 

0.5553 

0. 15 

0.472 

33.69 

0.6247 

0. 13 

0.547 

36.08 

0.6691 

0. 12 

0.622 

38.30 

0.7102 

0. 12 

0.697 

40.67 

0.7541 

0. 11 

0.772 

42 .95 

0.7964 

0. 10 

0.847 

45.13 

0.8368 

0. 10 

0.922 

47.08 

0.8729 

0. 09 

0.997 

48.78 

0.9045 

0.09 

1.072 

50.29 

0.9324 

0.09 

1.147 

51.41 

0.9532 

0. 09 

1.222 

52.29 

0.9695 

0.09 

1.297 

52.97 

0.9822 

0. 08 

1.372 

53 .48 

0.9916 

0.03 

1.472 

53.77 

0.9970 

0.08 

1.572 

53.93 

1.0000 

0. 08 


DELI* 0.42RIN. 
KED2*5718.2 


DEL 2= 0.206IN. 

00FL?=n,00l 


H= 2.075 OOELl*O.0O4 
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APPENDIX C 


DATA REDUCTION PROGRAMS 

(a) Stanton Number Data Reduction Program, STNO 

This Is the major heat transfer data reduction program 

(b) Profile Data Reduction Program, PROF, (not listed) 

This program uses a simple trapezoidal rule to calculate the Inte- 
gral parameters. This program calculates the c^/2 using Clauser plot. 

(c) Shear stress reduction progreun, SHEAR 

This program calculates the shear stress and mixing length distribu- 
tion with given velocity profile, c^/2 . Re '^2 * , <S and F . This 

program essentially uses the method outlined In Simpson [3]. 


Epeclal Nomenclature for Program SHEAR 
B F/Cj/2 

DEL 6 , boundary layer thickness 

CF2 Cj/2 

DEL2 momentum deficit thickness 

DUDY numerical approximation of dU/dy 

D1 Van Driest damping function based on XLl 

D2 Van Driest damping ftmctlon based on XL2 

TAUL laminar shear stress 

TAUT turbulent shear stress 

TAU+ t'*’ - t/t 

o 

TAULAM+ du'^/dy'*’ 

UB laterally averaged velocity profile 

UYP v/(U^ Cj/2) 

XLl outer layer mixing length assuming augmented mixing length 

-(y/0.16) 

has distribution as 3.32 (y/6)e 
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XL2 

YL 

YPL 

YPUT 

NOTE: 


outer layer mixing length assuming augmented mixing length 
has distributions as 33.2 e 100(g) 


y/6 

- yu^/v 
u^/v 


Flat plate mixing length Is curve fitted as 


0.078 tanh(5.25 y/6) 
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STNO ProgrmB 


$WATFIV 

C 

C STANTON NUMBER DATA REDUCTION PROGRAM r' 

C DISCRETE HOLE RIG NAS-3-14336 

C THIS PROGRAM USES THE LINEAR SUPERPOSITION PRINCIPLE TO 

C CALCULATE STANTON NUMBERS AND OTHER INTEGRAL PARAMETERS AT '^HE'^A*' 

C 0. AND 1. 

c 

1 REAL K(39)tS(40l 

2 DIMENSION NRN( 4) , T0( 45 ) , TG ( 12 ) , Q ( 12 I , S AFR ( 12 ) r ST ( 36 ) t T2 ( 1 2) 

3 DIMENSION X ( 36 ) , REX( 36 1 , 02 ( 36» t REEN 1 36 » , SM 112 » ,F ( 1 2) , TH 112) , CM 12 ) 

4 DIMENSION VAR 1 12) ,TCAST(5) , KOMMNT 140) , HM( 45 ) f OOOT I 36 ) .OFLOWI 12 ) 

5 DIMENSION TCAV(12) ,STN0B(36) ,STO ( 36 ) » STCOl. ( 3 6) t STHOT ( 36 ) , STS ( 36) , 
1STS*=(36) ,STCR 136 ) ,STHR ( 36) , STS R( 36 ) ,SMO( 12 ) , FO ( 12 ) tTHDI 12) tFB( 12)jf 
2BHC0U 12) f BHCT(12) , REX 0(36 ) , REMCOL ( 36 ) , RENHOT( 36 ) , D2C0L ( 36 ) , 
3D2H0T(36) fOQDOT( 36 ) , DTH( 12 ) f DS T( 36) ,DREEN( 36 ) i 002 ( 36 ) , DTHO ( 1 2 ) 

6 DIMENSION DSTO( 36 ) , ET A( 36 ) , XO ( 36 ) , SF ( 12 ) , SFO( 12 ) . NR N0( 4) 

7 DATA X/50.3, 52.3.54.3, 56.3 ,56.3, 60.3>62. 3, 64. 3 ,66. 3f68.3t 

1 70.3,72.3, 73.82, 74.85, 75.88,76.915,77.95,78.96,80.01,81. 04, 

2 82.07, 83.1,84. 13 ,85. 165, 86 . 2, 87 . 23 , 8 8 . 26 , 89 . 29 , 90 .3 2, 9 1 . 35 , 

3 92.33, 93.415,94. 45,95.48,96.51,97.54/ 

C FOLLOWING IS THE CONDUCTION LOSS CONSTANTS FOR BLOWING SECTION. 

8 DATA K/ .4762, .3867, .3601, .3558, .3683, .3712, 

1 .3559, .4184, .3774, .3861, .3584, .4919, 

CCC FOLLOWING IS THE HEAT FLUX METER CALIBRATION CONSTANTS NO 13-36. 



2 

36.05, 

34.79, 

35.05, 

33.81, 

33.32, 

32.33 , 


3 

25.02, 

33.00, 

28.61, 

31.46, 

29.31, 

31.79, 


4 

33.71, 

34.63, 

31.51, 

29.49, 

24.67, 

30.96, 


5 

32 .46, 

37.82, 

31.97, 

24.10, 

36.16, 

34.09, 

CCC 

HEAT FLUX METER 

CALIBRATION CONSTANTS NO 

106-108 



6 

32.53, 

34.18, 

38.07/ 




CCC 

FOLLOWING 

IS THE 

AXIAL CONDUCTION 

LOSS CONSTANTS 



data S/ 

.9928, 

11*. 80, 

.9078 , 

4.712, 

4.962, 

5.014, 4.965, 


I 

5. 118, 

5. 183, 

4.777, 

4.494, 

5.480, 

5.020, 5.597, 


2 

5.254, 

5. 169, 

5.254, 

5.3^6, 

5.211, 

5.370, 5.583, 


3 

4. 990, 

5.435, 

4. 872, 

5.557, 

5.545, 

5.585, 

CCC 

NO 106- 

103 







4 

4. 983, 

5.056, 

4.989/ 





C 

C DO: ENERGY BALANCE ERR.OR, WATT 

10 DQ=0.3 

C DP : UNCERTAINTY IN MANOMETER PRESSURE , IN H20 

11 DP=0.005 

C ASSUME ALL PROPERTIES CORRECT, AFTER TEMPE PATURE-HUMI 0 IT Y CORRECTION. 
C OT: UNCERTAINTY IN temPERATURE, F 

12 DT=0.25 

C DSAFP: uncertainty in secondary flow rate, ratio 

13 DSAFR-0.03 

C ohm: uncertainty INHM(I),MV 

14 CHM=0.025 

C DK; UNCERTAINTY IN HEAT FLUX METER CALI BP ATI ON , RAT 10 

15 DK=0.01 

C DS: UNCERTAINTY TN CONDUCTION CORRECTION ON HEAT FLUX mpter, patio 

16 PS=0.05 

C DXVU: uncertainty IN XVD,IN 

c 

C $$$ READ RUN NUMBER, COL. 1-8 

C TERMINATE PROGRAM WITH 9999999999 CARD, COL. 1-10 

C*» KT=0 IT STORES THE HEAT TRANSFER PARAMETERS WHICH CAN BE (KEO 

C** FUR KT=1. NO-BLOWING RUN OR COLD RUN. 
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17 

18 
19 


20 

21 

22 

23 


24 

25 

26 


27 

28 

29 

30 

31 


32 

33 

34 

35 


36 

37 

38 

39 

40 

41 

42 


C** KT-1 IT CALCULATES ST AND OTHER INTEGRAL PARAMETERS AT THETA»0.tl. 

C*» USING THE LINEAR SUPERPOSITION PRINCIPLE. HOT RUNS. 

C«* «*** ARRANGE DATA SUCH THAT HOT RUN FOLLOWS COLD RUN AT «AME VALUE OF w. 

C** KT«2 IT CALCULATES THE ADIABATIC MALL EFFECTIVENESS. 

C** KM-0 P/0 RATIO OF 5 

C** KH«1 P/O RATIO OF 10 

C** L»0 NO-BLOWING CASE HAS A CONSTANT WALL TEMPERA''URE WITHOUT ANY STEP. 

C** L-1 NO-BLOWING CASE HAS A STEP T-WALL AT THE 1ST PLATE. INTERNALLY SET 

C** IF INPUT EN02 IS ZERO. 

C** L«2 NO BLOWING HAS A STEP T-WALL AT SOME PLACE IN the FORE PLATC, 

C** ACTUAL ST TAKEN ON THE RIG IS USED FOR the NO-BLDMING ST *. 

C** SPECIFICATION OF L-2 IS ONLY NECESSARY At KT-1 

5 READ (5tl0) (NRN(I),I>lt4)tI0UT,KT,KM,L 

10 FORMAT (4A2. I2.I2. 12. I.2I 
IF (lOUT.NE.O) GO TO 2000 
C 
C 

C READ STATEMENT PROVIDES 80 SPACES FOR A COMMENT REGARDING 
C DATA REDUCTION- STATEMENT WILL APPEAR ON OUTPUT SHEET 

READ (5,2) (KOMMNTd), 1-1,40) 

2 FORMAT (40A2) 

C $$$ READ AMBIENT CONDITIONS: TEMPIDEG F), PRESSCIN HG), RELHUM(PCT) 

READ (5,20) TAMB,PAMB,RHUM,THEAT 

20 FORMAT (7F10.0) 

C 

C $$$ READ TUNNEL CONDITIONS: TINF(MV) RECOVERY TEMP,PDYN(!N H20), 

C PSTATdN H20) GAGE STATIC PRESSURE, NOTE NEG IF BELOW 

C PAMB, XVOdN) VIRTUAL ORIGIN OF TBL, INCHES 

C FROM THE PHYSICAL STARTING POINT OF THE PLATF 

READ (5,20) TINF,P0YN,PSTAT,XV0,END2,0XV0,.0FND2 
TRECOV-TINF 
IF (EN02.EQ. .0) L-1 
C 

C POWERSTAT SETTING, SEC AIR FLOWRATE(MV) TAKEN AT SEC AIR TFMP 

C $$$ READ SEC AIR TEMP(MV), PLATE TEMP(MV), PLATF POWER (MA-^T S ) , 

READ (5,25) (TGI I ) ,T0( I ) ,Q d ) , VAR( I ) ,S AFR (I ) ,C I ( I ) ,I -1 , 12 ) 

25 FORMAT (6F10.0) 

READ (5,26) (T0( I ) ,HMI I) ,I -13,45) 

26 FORMATI2F10. 0) 

C $$$ READ CASTING TEMPERATURES 

READ (5,25) (TCASTII), 1-1,5) 

C 

C WRITE OUT ALL RAW DA^a 

WRITE (6,40) (NRNd), 1-1,4) 

40 FORMAT ( IHl , 9X,‘ STANTON NUMBER DATA RUN SAAZ,' ***= DISCRETE HOI 
IE RIG *♦* NAS-3-14336'/) 

WRITE (6,45) 

45 FORMAT (lOX, 'UNITS: PAMBIOEG F),PAMB(IN HG) , PHUM( PCT) • /17X, 

1 'PSTATdN H20), TRECOVCMV), POYNdN H20), XVOdN), TPL ATE( MV) • /1 7 
2X,'TGAS(MV), ODOT(WATTS), SAFR(MV) ,HM( MV) , CKMV), ThEAT(MV)'/) 

WRITE (6,50) TAMB,PAMB ,RHUM,THEAT 

50 FORMAT (lOX, •TAMB-'F6. 1, 5X , ' PAMB- • F6. 2 , 5X, 'PEL HUH- »F5.1,6X, 

1 *THEATEP='F6.2/) 

WRITE (6,60) PSTAT,TRECOV,POYN,XVO 

60 FORMAT (lOX, » PSTAT-' F6.2 ,5 X, • TRECOV-' F6 . 3 , 5X , • POYN-' F6. 3 , 5X, 

1 'XV0*'F6.2//) 

WRITE (6,70) 

70 FORMAT ( lOX, 'PLATE* ,6X , 'TPLATE* ,6X,'TGAS* ,6X, 'QDOT* ,AX , • VARIAC , 

1 5X, 'SAFLOW' ,5X, 'CURRENT'/) 

NPl-1 
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43 

44 

45 

46 

47 

48 

49 

50 

51 

52 


53 

54 

55 
5b 

57 

58 

59 

60 
61 


WRITE (6t75) NPlfTOm.Qdl.VARIlt 
75 FORMAT 1 lOX , 13 , 7X, F7 .3 t 13X , F7. 2 t 3X, F7. 1 ) 

WRITE (6i80) ( I >TO(I ) .TGtn (Q( I) fVARdi tSAFRd ),CI m ,Ii: 2 , 12 ) 

80 FORMAT <10X, 1 3 1 7X ,F7 . 3 ,3X, F7.3, 3XtF7- 2 , 3X, F7-1 ,3X , F8. 3 1 3X ,F8.3 T 
WRITE(6,71) 

71 FORMAT! /» lOX ,• PLATE* t6X,*TPLATE* t6X,*HM* ) 

WR1TE(6,72)( I, Torn, HMdJ, 1*13,451 

72 F0RMAT(10X,!3,7X,F7.3,3X,F7.3I 
WRITE (6,85) (I,TCAST<I), 1*1,5) 

85 FORMAT (/10X,5(*TCAST( *11, • )=*F6.3,5X) ) 

C 

C DATA REDUC»'ION SEGMENT 

C 

C CONVERT ALL TEMPERATURES FROM MV TO DEG F 

TRECOV=TC(TRECQV) 

DO 90 1*1,12 
TOd )=TCITO( in 
TG( I )=TC(TG( I ) ) 

90 CONTINUE 

DO 89 1=13,45 
89 T0( I )=TC(TO( in 
DO 95 1*1,5 

95 TCASTd )*TC( TCASTd) ) 

C MIXTURE COMPOSITION, GAS CONSTANT, RM, AND SPECIFIC HEAT, CP 


62 

63 

CC 

CC 

CC 

CC 

CC 

CC 

CC 


64 

C 

65 

C 

66 

C 

67 

c 

68 

c 

69 


70 

c 

71 

CC 


CC 

72 

CC 

73 

CC 

74 

C 

75 


76 


77 


78 



RHUM=RHUH/100. 

PS lNF = PAMB + 29.92i<PSTAT /407 . 

TO HAVE ACCURATE RESULTS: 

AFTER CALLING SUBROUTINES HUMID AND VEL , AGAIN CALL HUMID (PSINF, 
TINF,RHUM,P,CP,RM,W) AND CALL VEL ( RM , P , W, P DYN , TRECOV , T I , hho 5 , 
UINF, Vise, CP, PR). THIS PROCEDURE MAY BE ITERATED FOB THE DESIRED ACCURACY 
IN OUR CASE, kinetic TEMP IS LESS THAN ABOUT l.O F FOR IOO.Ft/sfc 
AND ABSOLUTE HUMIDITY, W, AND OTHER PROPERTIES DO NOT CHANGE NOTICEABLY. 
SO WE DO NOT NEED ANY ITERATIONS. 

CALL HUMID (P S I NF , TRECO V ,RHUM , P, CP , RM, W ) 

COMPUTE FRFE STREAM DE NS IT Y , VELOC ITY, ST AT I C TE MP , K IN . VI SC 

CALL VEL (RM,P,W,PDYN,TRECOV,TlNF,RHOG,UINF,VISCtCP,PR) 

PLATE AREAS 

A=18. Ml. 968750/144. i 

HOLE AREA 

AH= (3. 141 593*0. 406250* 0.406250 *0.251/144. 

SECONDARY AIR FLOWRATE 

CALL FLOW (KERROR,UINF,AH,W,TG,THEAT,CI,RHOG,SAFB ,SM,F,KM) 

DF: UNCERTAINTY IN F , RATIO 

DF = SQRT(DSAFR*0SAFR+0P*DP/ (4.*PDVN*PDYNn 
IF (KERROR.GT.O) GO TO 1000 

WATTMETER CORRECTION FOR WATTMETER CALIBRATION AND THE CIRCUITRY. 

CALL WATT (Q,VAR) 

CALCULATES THE MIXED MEAN 2ND GAS TEMP, HEAT LOSSES, AND EFFECTIVE CASTING 
TEMP. 

CALL TEFFS ( SAFR , TCA ST ,T0, TG, K,HM,T2 ,QFL OW , TCA V ,KM) 

CORKECS the PLATE POWER TO GET CONVECTIVE FLUXES DN BLOWING SECTION 
CALL PLOSS (Q,TO,TCAV,TINF,A,K,S,QFLOW,QDO-*-) 

CALCULATES THE CONVECTIVE HEAT FLUXES ON THE RECOVERY REGION. 

CALL HFM (TO,TINF,HM,K,S,QDOT) 

DQOOT: UNCERTAINTY IN HEAT F LUX, BTU/HP. SOFT 
DO 711 1=1,12 

711 DODOT( I ) =00*3.4 129/A 
DO 712 1=13,36 

712 DQDOTd )*SORT(DK*DK*K! I )*K (I )*HM d I *HM( I H-Kd )*Kd )*DHM*DHM+DT*0*- 
i*(Sd)*Sd l♦sd*l)*sd+l))♦os♦os»^sd)*sd)*^TOd)-rod-l) )*(TOd ) 
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2-T0( I-l) 1*S( I*ll*S(I + ll*(TOm-Tf)!H-l) ^•(70^n-T0^♦l)m 

C WRITE ALL CONVERTED DATA 

. - C • . . ■ 

79 WRITE (6.100) 

8b: 100 FORMAT (//.lOX,* UNITS: TPL ATEI OEGF) , TGAStOEG F) , OOOT( WATTS ),' , 

I /17X,*SAFL0W(CFM|,QFLUX(BTU/HR/SQFT),TEFF2(DEG F)'/I 

81 WRITE (6,102) 

82 102 FORMAT ClOX, ‘PLATE*, 6X, ‘TPLATE* , 5X, ‘TEFF2 • , 5X , « TGAS* ,6 X, •000'' • , 

1 6X,'QFLUX‘ ,6X, ‘SAFLOW*/) 

83 WRITE (6,105) NP 1 ,T0( 1 ) ,91 1 ) ,ODOT ( 1 ) 

84 105 FORMAT(10X,13,7X,F7.1,23X,F7.2, 5X.F7.2) 

85 WRITE (6,110) ( I ,T0( I ) ,T2 ( 1 ) ,TG( I) , Q( I ) ,000T ( I ) , S AFR( T ) , I *2, 12 ) 

86 110 F0KMAT110X,I3,7X,F7.1,3X,F7.1,3X,F7.1,3X‘,F7.2,5X,F7.2,1X,F8.2) 

87 WRITE (6,106) 

38 106 FORMAT(/,10X, ‘PLATE*, 6X,‘TPLATE‘,6X,‘HM«,5X,‘QFLUX'/» 

89 WRITE(6,107» ( I ,Ta(I ) , HM( I ) , QDOT I I ) , 1*13, 36) 

90 107 FORMAT I lOX , 13 , 7X , F7 . 3 ,3X , F7. 3 ,3X ,F7. 2 ) 

91 WRITE (6,115) (I,TCAST(I), 1*1,5) 

92 115 FORMAT ( / lOX , 5 ( • TCAST ( • II , • )*• F6 . 1 , 5X ) ) 

93 XV1*X( D-XVO-l.O 

94 IP0=5 

95 IF (KM.EQ.l) IP0=10 

96 WRITE (6,40) (NRN(I), 1*1,4) 

97 WRITE (6,300) TINF,UINF,XVO,RHOG,CP,VISC,PR, XVI, IPO 

98 300 FORMAT ( lOX, ‘T INF=‘ F6. 1,4X , ‘ UI NF= ‘F5. 1 , 5X, • XVO=‘ F6 .3 , 5X,‘RHn*», 

1F8.5,3X, 'CP= ‘F6.3,6X,‘ VISC = ‘E12.5,5X,*PR*‘F5.3,/10X,‘0I STANCE FROM 
1 ORIGIN OF BL TO 1ST PLATE** F6.3 , 14X* P/D»‘ I 2 ) 

99 IF (KT.EQ.2) GO TO 402 
C 

C COMPUTE HEAT TRANSFER PARAMETERS 

C 

C COMPUTE THETA=(T2-TINF )/(T0-TINF) 


100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 


TH(U=0. 

DTH( l)=0. 

SM(1)*0. 

F(1)=0. 

DO 200 1=2,12 

THm*(T2(I)-TINF)/(T0m-TINF> 

C OTHdl: uncertainty IN TH(I) 

200 OTH(n=OT*SQRT(l.+TH( I )*TH ( 1) ) / ( to( I ) -TI NF) 

IF (KM.EQ.OI GO TO 201 

DO 202 1*3,11,2 
TH(I)=TH(l-l > 

202 F(I)*F(I-1J 

C X REYNOLDS NUMBER BASED ON VIRTUAL ORIGIN T8L 

201 FACT*UINF/(VISC*12.) 

DREX*FACT*DXVO 

DC 210 1*1,36 
210 REXd l = FACT*(X( I )-XVO> 

C COMPUTE STANTON NUMBER, S 

DENOM=RHOG*U INF*CP*3600. 

DO 220 1*1,36 

ST(I ) = QOOT(I )/IDENOM*( T0( D-TINF)) 

CC VARIABLE PROPERTY CORRECTION. 

ST(I ) = ST(n*((T0(I)+459-67)/(TINF+459.67n**(.4) 

C OSTd); uncertainty IN ST( I ) 

OST( I )=ST( I) MSORTIDODOTI I)*OODOT( I )/(QOnT( 1) ♦QOOT( I) )+DP*0P/(4.* 
1P0YN*PDYN)+DTMDT/((T01 I) -T INF) *( T0( I ) -T INF ) ) ) 

220 CONTINUE 
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121 

122 
12 2 
12A 
I2b 
126 

127 

128 
129 

13C 

131 

132 

133 

13A 

135 

136 

137 

138 

139 
lAO 
lAl 
1A2 
1A3 


144 

145 

146 


147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 
16 5 
166 


167 

168 


CC CALCULATFr. DEL2 AND RE-DEL2 BASED PN THE ACTUAL ST-DATA. 

CALL FNTHAL (FACT.TH, F, 9T t END2» 0END2 , D2 , b FEN , PD2 , DR F EN , DTM 9 T, 

IDF, KM) 

CC=0.0 

00 lit I»=1,12 

IF (CKI) .NE. 0.0) CC=CI( I) 

116 CONTINUE 

IF (CC .FO. 0.) WPITE(6,3331 OREX 
IF (CC .NE. 0.) WPT-^E (6,334) DREX,DF 

333 FORMAT ( 12 X , 'UNCFP ■'‘a inty IN RE X=‘ ,F6 . 0, / ) 

334 FORMAT ( 1 2X , • UNC EPTAI NTY IN REX= • , Ft. 0 , 9X • UNC FRT A INTY IN F=»,F7.5 
1,' IN PATIO* /) 

KRITF (6,600) (KOMMNTII), 1*1,40) 
oOO FORMAT (10X,40A2/) 

WRITE (6,310) 

310 FQRMAT(10X*HLATE',3X*X*,5X*REX*,9X*TO*,6X*REENTH*,7X*E’'AMTON NO*. 

1 6X*DST« ,6X* DP.EEN* ,4X* M* ,4X*F* ,6X 'T2* , 2X* ^HETA • , 3X • DTH* ). 

WRITE (6,320) NP 1 , X( 1 ) ,REX ( 1 ) , TO ( 1) ,REEN ( I ) , ST ( 1 ) , DE^ (j ) ,OPFENtl) 

320 FORMAT(10XI3 ,2XF5.2, 1XE12. 5, 1XF6. 1, 2( 2XE 12 . 5 ) , ?XF 9 . 3 , ?X F 5 .0) 

DO 340 1=2,12 

WRITE (6,2 30 ) I , X ( I ) , REX ( 1 ) ,T0( I ) , REEM ( 1 ) , ' T ( I) ,DST( I) ,DRFEN( T ) , 

1SM( I ) ,F( I ) ,T2( n ,TH( I ) ,DTH (1 ) 

330 FORMAT(10XT3,2XF5.2,1XF12.5,1XF6.1,2(2XE12.5),2XE9.3,2XF5.0,?XF5.2 
1,F7.4,F6.1 ,F6.3,2XF5.3 ) 

340 CONTINUE 

00 3h1 1=13,36 

WRITE 16,331) I , X( I) ,REX (I ),TOm ,REEN(I ), ST ( I ),DST( I ), GREEN { I ) 

331 FORMAT) 10X1 3, 2XF 5.2, IX El 2. 5, 1 XF6. 1 , 2( 2XEI 2 . 5 ) , 2XE9 .3 , 2X F 5 .0 ) 

341 CONTINUE 

CC IF 2ND PLATE HAS NO SECONDARY INJECTION , THIR PROGRAM ASSUMF« THAT 
CC IT IS A NO-PLOWIMG CASE. 

IF (CC .60. 0.0) GO TO 400 
IF(KT.EQ.O) GO 350 
IF (KT.EQ.l) GO TO 360 

CC STORE the old VALUES OF STANTON NUMBERS ALONG WITH OTHER INT^qraI 
CC PARAMETERS FOR THE COLD RUN. 

350 DO 351 1=1,12 
SMOC)=SMm 
FD( I l=F ( I) 

THO( I )=TH( I ) 

DTH0( n=DTM( I) 

STO( I )=ST( I ) 

DSTOl I )=0S'’’( I) 

REXO(I)=REX( I) 

351 CONTINUE 

DO 352 1=13,36 
S'!’0( 1 ) = ST( I ) 
nSTO( I )=DST( I) 

REXOl I)=REX( I ) 

352 CONTINUE 
FACTO*FACT 
DFO=DF 

DO 353 1=1,4 
NRNO( I )=NRM( I ) 

353 CONTINUE 
GO TO 1000 

CC CALCULATES THE STANTON NUMDFP.S AT ThFTA .EQ. 0 AND 1 BASED ON tlN 
CC SUPERPOSITION THEORY. 

360 FAV0=0. 

fav=o. . . 
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169 

170 

171 

172 
17 3 

174 

175 

176 

177 
I7tt 

179 

180 
131 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 
201 
202 

203 

204 

205 
20 6 
207 
203 

209 

210 
211 
212 

213 

214 

215 

216 

217 

218 
219 


22 0 
221 
222 


THAVOxO. 

THAV=0. 

DO 361 1=2,12 
THAVn=THAVf)+THO( I ) 

THAV=THAV+TH(H 
FAVOxFAVO + roU » 

FAV=FAV+F( I > 

361 CONTINUE 
THAVU=THAVn/ll. 

THAV=THAV/11 . 

FAV0=FAV0/11. 

FAV=FAV/11. 

FBAV=.5*(FAV0+FAVI 
00 362 1=2,12 

STsm=(STO( i)-sTnn/iTH( n-THonn 
STCOU I)=STO( I )+thO( I1*ST3 m 
STH0T(I)=ST( n+( TH(U-1.0»*STSI I ) 

F8(I)=0.5*(F0( I)+F(I »} 

ETA( I ) = STS( I )/STCnn 1 1 
IF (L.E0.2) GO TO 374 

STNOBI I ) =.02 95*PR**(-.41’»(REX< I )»**(-. 2) 

IF IL.FQ.DSTNOBI I » = STNQB( Il*( l.-(XVI /( X( I I-XVOU **( 0.9 ) ) ** 

K-1./9. 1 

374 STHRl I ) =STHOT( I) /S'^NOB m 
IF (L.EQ.2) GO TO 375 

STNOBd )=STNCB(I )*(REX (D/REXOI I n**l0.2> 

IF <L.E0.1»STN0B(I) = STN0BI n*(l,-lXVI*FACTO/REXO(l ))*•*( 0 . 9) ) ** 
K-1./9. J 

375 STCRl n=STCOL( n/STMOB m 
STSR ( n = <;TriOT( 1 1 /S"^COL < I ) 

BHCOLI I»=FO( n/STCOUI ) 

BHOT( n=Fni/STHCT(n 

STSFd »=AL0G(1. + BH0T(I d/BHOTU) 

BHOTd )=STHP d 1/STSFd ) 

STSRd )=STSR (I l/STSFd » 

SFd)=FU)’*'SThOTd» 

SF0m = F0d )*S7CPLd 1 

362 CONTINUE 

DO 363 1=13,36 

STSd ) = (STO( H-ST( I) J/<THAV-THAVO) 

STCOLd )=STOddTHAVO*STSI H 
STHO^d )=ST( II + (THAV-1,0)*STS( I) 

ETA( I )=STSd »/STCOL( I» 

IF (I..EC.2) GO TO 372 

STNOBd ) = . 02 95’fPR'*i'(-. 41 *( REX ( I 1 1 ** (-. 2 ) 

IF <L.E0.1)STNOBdl = STNOB( Il*( 1 . - (X VI ^ ( X d l-XVO) I **( 0 .9 1 1 
K-1./9. I 

372 STHRI I )=STHOT( I l/STNOB d 1 
IF (L.EQ.2) GO TO 373 

STNOBd )=STNCB(I I* (REX d l/PEXO d )1**(0.2) 

IF (L.EQ.l)STNOBd)=STNOBm*(l.-(XVI*FACrO/RrxOd I It*! 0. 9 1 1 *• 
U-1./9. 1 

373 STCRd )=STCOL( I)/STMOBdl 
STSRd l*STHOTm/STCOLdl 

363 CONTINUE 

CC CALCULATES THE DEL2 AND BE-DEL2 BASED ON -^HF NEW VALUES OF STANTON 

CC NUMBER AT THETA .EQ. 0 AND 1 . 

STCOL(l)=STOd) 

STHOTd)*ST( 1) 

STS(lJ = STOm-ST( d 
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224 

225 
22 6 

227 


22 d 
229 


230 

231 


232 
23 3 

234 

235 

236 

23 7 
238 

23 9 

240 

241 

242 

243 

244 

24 5 
246 
24 7 

24 8 

249 

250 

251 

252 

253 

254 

255 

25 6 

257 

258 

259 

260 
261 
262 

263 

264 

265 

266 


[)f> 370 I*:l ,l 2 

Tnom=o.o 

370 TM(I )»1.0 

CALL EMThAL( FACT ,TH,F, S'^HOT, EN02 t DEND2 » 02H0T , R ENHPT , 002 i OR EFN , D^h 
1 rOSTjOF fKM) 

CALL ENTHAL( FACTO tTHCI, FQ, S TCCL t END2 ,DEND2 , D2CaLi P F NCOL , 00 2, OR = FM 
l,DTHO,DSTa,OFn,KM) 

CC OUTPUTS FGF THE NFW PARAMETERS. 

WRITE 16,371) (NPNOm ,1*1,4),1NRN(I),I=1,4) 

371 FORMAT ( IH 1 , 9X FOLLOW IMG IS THE DATA FOR THFtA= 0 AMP THETA=l, WHI 
MCH WAS OBTAINED BY LINEAR SUPERPOSITION ’•HEORY . • / , lOX * th I S OA'^A WA 
*S produced from run ',4A2,* AND RUN • , 4A2 , / i lOX • FOR the DETAIL CH 
•ANGES OF PROPERTIES AND BOUNDARY CONDITIONS, PLEASF SEF THE ABOVE 
♦TWO PUNS*) 

WRITE (6, 364) 

364 FORMAT (/, 7X ,* PLATE • ,3X, 'REXCOL *, 4X, • RE DEL2 • , 3X ,* ST( th*0) • , 4X, 

I'REXHOT* ,4X, *RE DEL2 • , 3X , • ST (TH=1 ) • ,4X» 'ETA* ,4X, *STCR' , 4X*F-C0I • , 
25X*STHP • ,4X* F-HOT* ,2X* PHI-1*/) 

wPI^Elc , 365) ( 1 ,REXO< I) ,P.ENCnU I ),STCOL( ! ) ,RFX( I) ,RENHnT(I) , 

ISTHUTI I ) ,E"^A 1 1 ) , STCR ( I ) ,FOn ),STHR( I) ,F( I ) ,BHOT( I ) ,1 = 1, 12) 

365 FORMAT! ( lOX , I 2 , 2 ( 2XF 9. 1 ) , I XF9. 6, 2 1 2XF9. 1 ) , lXF9 .6 , 2 (2XT5 . 3 ) ,2 Xf?. 4 , 
12XF7.3,2XF7.4,2XF5.3) ) 

WRITFI b,36 6) (I ,P.FXO( I ) ,PFNCQL< I )•, STCOL ( I ), RtX( I ) .RFMHOT (1 ) , 
ISTHOTI I ) ,£•' A( I ) , STCR ( I ) , ST HR II ) , I =1 3, 35) 

366 FORMAT ( { lOX, I 2 , 2 ( 2XF 9. 1 ) , I XF9. 5 , 2 1 2 XF9. 1 ) , 1 XFQ .6 , 2 ( 2XF5 . 3 ) , 1 1 XF 7 . 3 
I)) 

GO TO 1000 

CC FLAT PLATE VALUES ARE STORED. 

400 00 401 1=1,36 
STNOBd )=ST( I) 

401 CONTINUE 
GO TO 1000 

402 DO 403 1=2,12 

XOm = (X(I )*l.-X(2))/0.406 

403 ETAm=(TO(I )-T 1 NF ) / t T 211 ) -TINF ) 

TS=0. 

DO 404 1=2,12 

404 TS = rS*-T2( I I 
TS=TS/11. 

DO 405 1=13,36 

XO ( I ) = ( X { I )*■ 1 .-X ( 2 ) ) /O .406 

405 ETA( I )=(TP( I )-TINF)/(TS-TINF) 

CC=0.0 

DO 117 1=1,12 

IF (CI( I ) .NC. 0.01 CC=Cl( I) 

117 CONTINIIF 

IF (CC .EQ. 0.) WRITE(6,333) OREX 
IF ICC .NE. 0.) WRITE (6,334) OREX.DF 
WRITF (6,600) (KOMMNT(I), 1=1,40) 

WRITE (6,406) 

406 FORMAT ( lOX * PL AT F * ,3 X * X* ,6 X*RE X* , 9X * TO * , 5X • X/O * , 5X * ETA • ,6X'M* , 
ieX*F* ,5X*T?« ) 

DO 40T 1=2,12 

WRITE (6,408) I,X( I),REX(I ),XPm,ETA{l ),SM( I) ,F(I ) 

408 forma *■ (lOX, I3,2X,F5.2,1XE12.5,IXF6.1,2XF6.2,2XF6.4,2XF5.2,2XF7.4, 
12XF5. 1) 

407 CONTINUE 

on 409 1=13,35 

WRITE (6,410) I,xm,R.EX(I ),XO(I),ETA(I) 

410 FORMAT ( lOX, I 3 , 2X , F5. 2 , 1 XE 12 .5 , I XF6 . 1 , 2XF6. 2 , 2 XF6 . 4) 
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26 7 
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27 2 
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28 0 
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29 1 
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298 
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300 

301 
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303 

304 

305 
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307 

308 

309 

310 

311 

312 


409 'CONTINUE 
1000 GO Tn 5 
2000 WRITE (6»900) 

900 FORMAT (IHU 
.RETURN 
fc'NP 

FUNCTION TC(TI 

C FUNCTION CONVERTS TEMP FROM IRON-CONST ANTAN MV ^0 OFG F 
TM— 2220. 703 +781. 25* SORT! 7. 950782+0. 256*'^ I 
TC=TM+49 .97- 1. 26E-03*TM-.32E-04*TM*TM 
RETURN 
END 


C 

C 

C 

C 

C 

C 

C 

C 


C 

C 

C 


SUBROUTINE HUMID ( PflARJ.TAMB.RHUM, Pf CP , RM, W I 


THIS SUBROUTINE CALCULATES THE MASS FRACTION OF AIR AND WA'^Fo 
VAPOR FROM THE RELATIVE HUMIDITY AND AMBIENT TEMPERATURE 
THE MIXTURE GAS CONSTANT IS ALSO DETERMINED 
SATURATION DATA FROM K AND K 1969 STEAM TABLES 

DATA BLOCK FROM THE STEAM TABLES 


DIMENSION TEMP 1 10) ,PS ATI 10 ) »RHOSAT( 10) 


DATA TEMP/ 

L QO.O, 

DATA PSAT/ 

L 100,627, 

DATA RHOSAT/ 


40., 

100 . 0 , 

17.519, 

1 36.843 , 


50.0, 

110 . 0 , 

2 5.636, 

1 83.787, 


.0004090, .0005868, 
.0028571, .0037722, 


60.0, 
120 . 0 , 
36.907, 
244.008 , 
.00082 '»6, 
.0049261, 


1 .0021381, 

REAL NU,MFA, HFV, MWA,MWV 
CONVERT IN HG TO PSF 

AT 59. DFG F P*2116.217 PSF * 29.92126 IN HG 
SEE HESSE AND MUMFORD, JET PROPULSION, P554 
P=PBAPt 2116.217/29.92126 
DO 10 N=l,g 

TFITEMPIN) .GT.TAMB) GO TO 20 

10 continue 

20 T = TEMP(N) 

EPS = T - TAMB 
VAPH = PSAT(N) 

VAPL = PSATlN-1) 

VEPS = VAPH - VAPL 
RHOH = PHOSAT(N) 


70 .0 , 60.0, 

130.0/ 

52.301, 73.051, 

320.400/ 

.0011525, .0015803 
.0063625/ 


, 


RHOL = RHOSATIN-1) 

PEPS = RHOH - RHOL 

RHOG = RHOL + (10.0 - EPS ) ♦RE® S/ 10. 
RA=1545. 32/28. 970 

PG = VAPL + (10.0 - EPS)*VEPS/10.0 
PVAP = RHUM+PG 
PA = P - PVAP 

RHOA = PA/U<A*(TAMB + 459.67)) 

RHOV = PHUMTRHOG 

W=RHOV/RHOA 

RHOM = RHOA + RHCV 

MWA = 28.970 

MWV = 18.016 

MFV = RHOV/RHOM 

MFA = 1.0 - MFV 

RM =- 1545.32*(MFA/MWA ♦ MFV/MHV) 

CP = MFA*0.240 + MFV*0.445 

RETURN 

END 
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323 
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34 7 

348 

349 

350 

351 

352 


SUBROUTINE VEL ( P M , P, H ,POYN,TR ECOVt TINE , RHOG , U INF , VI SC » CP , PR I 
C TUNNEL PRESSUREfPSF 

C CONVER"^ TC PSF USING VALUES FROM KCK GAS TABLES, P195,FDR H20 AT 

C 60 OEG F 

PUNITS=144./27.7068 
GC*32.1739 
JF*777.66 
RCF=*0.7*»0. 33333 

RHQG=(P/RM+PnYN>«‘PUNITS^RCF/<CP*JF) » /< TR ECOV+459. 67 ) 

UINF=SORT(2.4nC*PDYN*PUNirS/RHOG» 

TINF=TREC0V-RCF*UINF*UINF/I2.*GC*JF*CP) 

C KINEMATIC VISCOSITY, FT4FT/SEC 

VISC=(ll. + 0. 0175*TINF)/<l.E06*RHnG)*(l.-.7<'W) 

CC PRANOTL NUMBER OF FREE STREAM AIR 

PR=-710«I530./ (TINF+459.67 ll**(.l»*(l.t.9*W) 

RETURN 

ENO 

SUBROUTINE FLOW ( KERROR, U1 NF , AH, W,TG, thEAT ,C I , RHOC. ,S AFB , SM,F , K Ml 
DIMENSION SAFP(l) ,SM( n,F< l),TGl H,X(5I,V(5) , B (4 ) , Cl ( 1 1 , FMC (1 2 1 
DIMENSION TMI12I 

DATA FMC/ l.O, 1.22, .92, .988, .928, .906, .907, l.Ol, 

1 .918, .901, .920, .929/ 

KFRR0R=0 

C 

C 

C THIS ROUTINE CONVERTS FLOWMETER READING TO SFXONOARY 

C AIR FLOWRATE, AMO COMPUTES M AND F PARAMETERS 

C 

C TG, GAS STATIC TEMPERATURE, OEG F 

C W, humidity ratio, lb VAP0R/L8 DRY AIR 

C SAFR, SECONDARY AIR FLOWRATE, CFM, CORRECTED FOR TEMP AND HUMIDITY 

C SM, VELOCITY RATIO, SECONDARY AIR GAS TO MAINSTREAM GAS 

C F, MASS FLUX RATIO, SA TO MS, CONSIDERING 2'*'2 SQIM AREA 

C CONTAINING 2 BLOWING HOLES TOTAL, F* AH* M/I 4/144) 

C 

C CALIBRATION CURVE DATA 

X( 11x0.35 
Y(l)=53.0 
X(2I=0.90 
Y(21=4.05 
X( 31x1 .12 
Y(3Jx2.00 
X<4)*1.35 
YI4)xi.00 
X151=1.5 
Y(51x0.69 
DU 10 1*1,4 

10 BlDxALOGlYl Il/YU*l))/ALOGIXni/XCl+l>) 

FACT=1.0*0.22*W 

THEAT*TC(THEAT) 

DO 20 1=2,12 

IF (CI( Tl.EU.O.) SAFRlIlxO. 

IF (Cim.EQ.O.) GO TO 20 
TM( 1 )«.5*(TGn KTHEATl 

SAFRd 1*SAFR (I )*n (TMC 1 1 +4 59.67 1 / 530. 1 **0. 71 «F AC t* (30.00/C l( 1 1 1**2 
1 *FMCm 

20 CONTINUE 

FACT-1 .0*0. 7*W 
DO 40 1x2,12 

IF (CI( n.EQ.O.) GO TO 40 
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354 
35 5 
356 
35 7 
358 

35 9 

36 U 

361 

362 

363 

364 

365 

366 
36 7 
36 8 
36 9 
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371 

372 

373 

374 

375 

376 

377 

378 

379 
38 0 
38 1 

382 

383 

384 

385 

386 

38 7 

388 

389 

390 

391 

392 

39 3 

394 

395 

396 


397 

398 

399 


400 

401 

402 

403 

404 

405 

406 


IF (SAf-R(I).LT.X(ll.0R.SAFRm.GT.X(5n GOTO 100 
DO 30 K=l,5 

IF (X(K).G'^.SAFRm) GO TO 35 
30 CONTINUE 

35 Z*V(K-1 »*tSAFRn )/X(K- 1) ) 

SAFRI I) = Z/U530./(TMn K45 9.67 I) 4*0.76) /FACT 
40 CONTINUE 

RHOS=. 074843 
IF(KM.EQ.l) GO TO 300 
F8=AH*60.*UI NF*8 .*RHOG 
F9*AH»60.««UINF*9.*RH0G 
00 50 1=2,12,2 
SM( 1 )=SAFR( I )*KH0S/F9 
50 F( I)=36.*AH*SM(I ) 

DO 60 1*3,11,2 
SMm = SAFRn )*RU0S/F8 
60 F( I)=36.*AH*SM(I ) 


RETURN 

300 F5=AH*60.*UINF*5.*RH0G 


F4=F5*4./5. 

DO 310 1=3,11,2 
SM( I )=0. 

310 F(I)=0. 

DO 311 1=2,10,4 
SMtl)=SAFkn )*RH0S/F5 


311 F(I)= 9.»AH*9M(l) 


CC 


C 

C 


c 


DO 312 1=4,12,4 
SMm=5AFR(I )*RHCS/F4 
312 F( n= 9.*AH*SM( I ) 

RETURN 

100 CONTINUE 

WRITE 16,200) SAFRin 

200 FORMAT I lOX , • FLOWHET ER READING OUT OF RANGE, E MF= ' El 2. 5 , / /lOX, 

1 'DATA SET REDUCTION TERMINATED*) 

KERR0R=2 

RETURN 

END 

SUBROUTINE WATT (0,VAR ) 

DIMENSION 0( U ,VAR(1) 

DIMENSION RR(12» ,XP< 12 ) ,R60( 12 ) ,RQ( 12 ) , RSL < 12) ,RL( 12) 

DATA RL/8.022, 8.024, 8.067, 8.066, 8.064, 8.063, 

I 8.096, 3.073, 8.093, 8-099, 8.079, 8.060/ 

DATA BSt./8.187, 8.186, 8.233, 8.227, 8.217, 8.220, 

1 8.259, 6.229, 8.256, 8.263, 8.241, 8.226/ 

DATA RO/8.419, 8.456, 8.506, 8.488, 8.470, 8.504, 

1 8.566, 8.522, 8.503, 8.619, 8.498, 8.487/ 

DATA RBO/8.320, 8.368, 8.400, 8.394, 8.375, 8.398, 

1 3.468, 8.451, 8.403, 8.523, 8.402, 8.384/ 

DATA RP/0. 04083, 0.05413, 0.04059, 0.04108, 0.04130, 0.04115, 

1 0.04 096 , 0.04 1 47 , 0 . 04 0 9 0 , 0.04 0 86 , 0.0405 8 , 0. 04 064/ 

THIS PROGRAM NEGLECTS THE EFFECT FROM THE REACTANCE OF POWERS^AT COIL 
DATA XP/12*0.0/ 

DATA RA,XA,RV/0.064, 0.063, 7500./ 

DO 2000 1=1,12 

THE FOLLOWING CORRECTS THE INDICATED POWER TO THE ACTUAL 
POWER 

QP«Qm/75. 

CORQ=QP*(0.0728*QP-0. 0427* 0P*0P-O. 0292) 

QC0R=0.99*0( I)+C0R0*75. 

THIS BLOCK CORRECTS THE WATTMETER FOR INSERTION LOSSES 
T=VAR(I)*RR( I) 

S=VAR( I)*XP( I ) 


SA=S+XA 


RCT*RQ( I )+T 


256 



407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 


422 
42 3 

424 

42 5 

426 

427 

42 8 

429 

430 

431 

432 

433 

434 

43 5 


436 
43 7 
43 8 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 

450 

451 

452 
45 3 

454 

455 

456 


RB0T«PB0( I )+T 
R01*R0T»B0T+SA*SA 
RBQI*RBOT*RBGT+S*S 
RLV1*1.+(RSL(7 )+RA)/RV 
RXA=XA/RV 

RSLI=RLVI*RL VI+RXAWXA 
PSLL = IRSU I )+RA) /RU n 
Qn)»OCOR’!'R0l*RSLI/(RBOI*RSLU 
2000 CONTINUE 
RETURN 
END 

SUBROUTINE TEFFS I SAFR;,TCA ST tTO ,TGt K,KM,T2 ,QFL OW ,TCA V ,K Ml 
REAL KCONV(,? ) ,KFL(12) tKIl) 

OIMENSIOM SAFR(1I,TG(1 I , TO I 1 1 ,T2 ( 1 1 ,TCAST(H ,QFL0H(1) >TCAV(1I 
DIMENSION MM(1) 

CC THIS SUBROUTINE CALCULATES THE EFFECTIVE TEMPERATURE OF SECONDARY 

CC GAS AND CASTING FOR EACH PLATE. THEN IT CALCULATES the PORTIN OF M^AT 10 

CC LOSSES DUE TO SECONDAR.Y GAS. 

CC EFFECTIVF TEMP FOR THE 4 FT PLATES. 

TW1«=T0(45»+K(39)<'HM(45 1/20.5 
TW2=T0( 13) +K( 131 *HM( 13 1/20.5 
CC EFFECTIVE CASTING TEMP, 

TCAV( l)=0.375*TCASTm + 0 .66667*TC ASTI 21 + 0.25#TW1 - 
1 0. 125*TCAST( 3) - 0.16667’<'TCAST(4I 

TCAV(2)=0.5»TCAST( 1) 0.666671>TCAST< 2) - 0. 16667* TC AST ( 4 1 

TCAV(3)=0.5>' (TCASTd » +TCASTI2I) 

TCAVI4)=0-25*TCA5T(1) * 0.5*TCAST(2I + 0.25*TC AST ( 3) 

TCAV(5) = 0.25*TCAST(1) ♦ 0. 3333*TCAST1 2) + 0. 25*TC A ST I 3) 

1 +0.16667*TCAST(4) 

TCAV(6)=0.3333t<TCASTt2) + 0.5*TCAST(3I + 0. 1 6667*TCASTI 4 ) 

TCAV(7I=0. 16667*TCASTI 2) + 0,5*TCAST(3) ♦ 0. 3333*TCAST< 4) 
TCAV(8)=0.16667*TCAST(2I ♦ 0 .2 5*TCAST ( 3 ), + 0.3333*TCAST (4) 

1 + 0.25*TCAST(5) 

TCAV(9l«0.25«i>TCAST(3) ♦ 0.5*TCAST(4I + 0. 25*TC ASTI 5) 

TCAV(10)*=0.5*ITCAST(4I + TCASTI5I) 

TCAV(11)»0.5kTCAST(5) + 0. 66667*TCASTI4) - 0.16667*TC ASTI 2) 

TCAV( 12)=0.375*TCAST(5 I * 0.66667*TCASTI4) - 0 .125*TCAST( 31 
1 -0. 16667*TCAST( 2) * 0.25*TH2 
CC PORTION OF ENERGY WHICH IS LOST. 

FACT=. 074843*. 24*60. 

QFLaW(l)=0.0 

IF (KM.EO.l) GO TO 100 

DO 10 I»2,12,2 

IF ISAFRI I) . EQ.O. ) GO TO 12 

IF (SAFRI n . GE.5. ) GO To 11 

KFLII ) = .21 + .0344*AL0G10(SAFR(I I) 

GO TO 10 
12 KFLII)=0. 

GO TO 10 

11 KFL( I )=.0762+.226*ALOG10(SAFR( I ) ) 

10 CONTINUE 

DO 20 I>3fl2,2 
IF ISAFRII ). EQ.O. I GO TO 22 
SAFRII ) = 1.125*SAFRm 
IF (SAFRI 1 1 .GE.5. ) GO TO 21 
KFLI I ):i.21 + .0344*ALOG10(SAFR(I I) 

GO TO 20 
22 KFLII)=0. 

GO TO 20 

21 KFLI I)«.0762 + .226*AL0G10(SAFR(IM 
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457 

20 

CONTINUE 


CC 

EFFECTIVE *T2‘ fANO • QFLOW* . 

458 


00 30 I>2il2t2 

459 


IF (SAFR(T).EQ.O.) GO TO 31 

460 


KC0NV(2)=d.24*SAFiim**0.35 

461 


E»EXP ( -KCONV ( 2 1 / S AFR 1 t n 

462 


T 2 m«TGm*<i.-Ei*CKFLm*tTam-TG(ii »♦(TCAvm-TG( n 1 1 

463 


QFLOWI I )«'FACT*KFL(n*KCONV I2)*IT0( I)-T2 (n J 

464 


GO TO 30 

465 

31 

T2in-=Tom 

466 


QFLOWI I 1-0. 

467 

30 

CONTINUE 

46 8 


00 40 1=3,12,2 

469 


IF (SAFRin. EQ.O.I 60 TO 41 

470 


KC0NV(1)=0.2133*SAFRII >**0.35 

471 


SAFP m=SAFR m*8./9. 

472 


E*EXPI-KC0NV (II/SAFRIM) 

473 


T2(l )=TG(I I+U.-El^IKFLin^ITOin-TGIinfrlTCAVm-TGm ) » 

474 


QFLOWI 1 J=FACT*KFH I»*KCONV 1 1 )*ITOI 1 )-T21 1 1 > 

475 


GO TO 40 

476 

41 

T2(I)=T0IT ) 

477 


QFLOWI I 1*0. 

478 

40 

CONTINUE 

479 


RETURN 

480 

100 

00 101 1=1,11,2 

481 


T2(I)=T0m 

482 


QFLOWI I )=0. 

48 3 

101 

KFLI I )=0. 

484 


00 102 1*2,10,4 

485 


IF ISAFRin. EQ.O.I GO TO 51 

486 


SAFRI I )*I9./5. )4SAFRII.) 

48 7 


IF (SAFRIII.GE.S.) GO TO 103 

48 8 


KFLI I )=0.21+.0344*ALOG10(SAFRl 1 ) 1 

489 


GO TO 102 

490 

51 

KFL(I)=0. 

491 


GO TO 102 

492 

103 

KFLI n = 0.0762+.226*ALOG10I SAFRII ) I 

49 3 

102 

CONTINUE 

494 


00 104 1=4,12,4 

495 


IF ISAFR(I). EQ.O.I GO TO 52 

496 


SAFRII 1=I9./4.I*SAFRII I 

49 7 


IF ISAFRIII.GE.5.I GO TO 105 

498 


KFLI I I=0.21 + .0344*ALOG 101 SAFRI III 

499 


GO TO 104 

500 

52 

KFLI 1 1=0. 

501 


GO TO 104 

502 

105 

KFLI 1 1 =0 .0762+.2264AL0G10I SAFR 1 1 1 1 

503 

104 

CONTINUE 

504 


00 106 1=2,10,4 

505 


IF ISAFRIII. EQ.O.I GO TO 53 

5Cf6 


KC0NVI2I=0.1333*SAFRtI 1**0.35 

507 


SAFRII)=SAFR (II*I5./9. I 

■508 


E=EXP(-KC0NVI2I/SAFRII II 

509 


T2II I=TGII I+I1.-EI*IKFLIII*IT0I1I-TGII II + lTCAVm-TGII) II 

510 


QFLOWI I 1 =F ACT* KFLI I I*KCONV 1 2 I* ITO IT 1-T2H I I 

511 


GO TO 106 

512 

53 

T2II)=T0III 

513 


QFLOWI I 1=0. 

514 

106 

CONTINUE 

515 


00 107 1=4,12,4 
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IF (SAFRm.EO.O.) 60 TO 54 
KC0NV(l»-0.l067*SAFRn )**0-35 
SAFRII I^SAFR (I »*l4./9. » 

E»EXPI-KCONVU)/SAFRn >) 

T2(I)*TG(I ) + l l.-E)*(KFL( II*(TOI II-TGCm+ITCAVm-TGCU II 
QFLOVU n *F ACT*K,FUC 1 1 ■i'KCaNV ( I )• (T0m-T2U 1 1 
GO TO 107 
54 T2(II«T0m 
0FL0WII)«0. 

107 CONTINUE 
RETURN 
END 

SUBROUTINE PLOSS (Q* TOtTCAV.TINFt A,KtS»OFLOW,QOOT| 

REAL K(l) 

DIMENSION Q(l)>TCm,S(l),QFLOWmtODOTmtTCAVm 
CCCCCC*** this block corrects for THE HEAT LOSS 

531 SF-1. 

532 EMIS-0.15 

533 TAR«(TINF*46Q.»/100. 

534 DO 109 I«l,12 

535 TOA«( TO (1)1^460.1/100. 

536 IF(I.EQ.l) GO TO 98 

537 QCOND=K( II TOd »-TC AV (1 » ) *S ( I »* ( TO ( I )-tO( I- II !♦$( I+ llOfTOlII- 
1 TOd + DI 

538 GO TO 100 

539 98 QCOND*Kl I)*>(TOm-TCAVmi*S(l I*(T0I1 1-T0I45)) 

1 ♦s(i + i)*(TO( ii-Toi i*;in 

540 100 URA0«A*SF*EMIS*.1714*(T0R*T0P*T0R*T0R-TAR*TAR*TA»*TAR» 

541 OLOSS^QCONOi-QRAOi-OFLOMn I 

542 «m=Qn )-QL0SS/3.4l29. 

543 QDOT( I )»=Q(n*3.4l29/A 

544 109 CONTINUE 

545 RETURN 

546 END 

547 SUBROUTINE HFM ( TC,TI NF.HM ,K.S » ODOT I 

548 REAL K(l) 

549 DIMENSION T0( II .HM( 11 f S( 1 1 1 Q00T( 1) 

550 SF*1.0 

551 EM1S>0.12 

552 TO(37)*TO<36)-.333*(TO(36I-TO«37) I 

553 SI 13)-7.0*SI 131 , 

554 TAR>(TINFi-460. 1/100. , 

555 00 100 1-13,36 

556 TOR- 1 TO! I >♦460.1/100. 

557 100 QOaT(ll-K(IM>HMm*(l.^(80.-TO(III/700.l 

l-SII)*(TOm-TO(I-l) l-S(Ull*(TOm>TO( ITIII 

2 -SF-EMIS*. 1714*(TOR*TOR*TOR*TOR-TAR*TAR*TAR*TARI 

558 S(13l-S(13l/7.0 

559’ RETURN 

560 END 


516 

517 

518 

519 

520 

521 

522 

523 

524 

525 

526 

527 

528 

529 

530 


561 SUBROUTINE ENTHALIFACT .TH,F,ST,END2,0EN02,02,REEN,0D2f')RFENtD^H« 
10ST,DF,KMI 

562 DIMENSION TH(1I,F(1I ,ST(ll «D2( II , REENd I ,D02 (11 .DREFNI 1 1 tOTHf 1 1 
ItOSTIl) 

C COMPUTE ENTHALPY THICKNESS AND REYNOLDS NUMBER. ASSUME 
C THERMAL BOUNDARY LAYER BEGINS AT LEADING EDGE PLATE 1 

C COMPUTE ENTHALPY THICKNESS, ASSUMING THERMAL BL BEGINS AT 
C LEADING EDGE OF PLATE 1. COMPUTATION BASED CM CONTROL 

C VOLUME FOR ENERGY ADDITION WITH BOUNORIES PLATE CENTER 

C TO PLATE CENTERCEXCEPT PLATE II 
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563 

564 

565 

566 
56 7 

568 

56 9 

570 

571 

572 

573 

574 

57 5 

576 

577 
57 6 

579 

580 

581 


582 
58 3 
584 


585 

586 

587 

588 

589 


590 

591 

592 
59 3 
594 


THU) >0.0 
D')H(1)>0. 

FU)>0.0 

DX«1. 

0WX«. 515625 

C OOX: UNCERTAINTY IN OX. IN 
00X>O.005 
D2(1)>END2 
D02U)=DEND2 

IF (ENO2.E0.0.) 02m-ST(l)*DX 
IFI.N0T.END2.E0.0.) GO TO 229 
C DD2U): UNCERTAINTY IN ENTHALPY THICKNESS, 02, IN 

D02( 1 ) = SORT« DX*DX*OSTI 1)*0STI1 )+ST( D-^STUI^ODX^DOXI 

229 00 230 1>2,12 

ic (KH.EQ.l) GO TO 399 

D2m»D2(l-l) + I’:TU-U+STII)*FII-l)l'THC I-1)*F( I)*THm)*OX 
GO TO 400 

399 02(1 )>D2(I-U*(ST(1-1)+ST( I)*2.*F(I )*TH(I)>*OX 

400 CONTINUE 

AL=S’(I )*ST( II+ST(t-l)*ST( I-1I+F(I)*F( I J*THt I) * th( I) *F( I- II* 
lF(I-n*TH( I-n*TH(I-l) 

B£=OST( I)*0S7 ( I)4 0ST( I-1)*0ST( 1-1 |*F( I )*F( t (♦OTHm^OTHf I )-f 
1F( I-1)*F(I-1 )*OTH( I-1)*DTH(1-1 ) + OF*OF*(F( 1 )*F( I) *>T H( I »*TH( I )♦ 
2F(I-1|*F(I-1 )*TH(I-1)*TH(T-1)) 

230 DD2( n = SQRT( D02( I-U*DD2(I-n+0DX400X*Al>0X»0X*BE ) 

02(13)=D2(12) + (ST(12)+FI12)*TH(12))*0X«-ST( 13)*DWX 

D02(13) = SQRT(D02(12»*D02U2)+00X'‘D0X*(ST(12) *ST( 12»+ST( 13)*ST( 13) 
1+F(12)*F(12)»TH( 12)*THU2) ) +DHX*0WX»DST( 13) *OST ( 1 3)+ DX*OX*( 
20ST( 12)*0ST( 12)*F( 12)*F(12)*0TH( 12)*nTH(l2)+0F*DF*F(l2) 4F(12)* 
3‘»‘H(12)»TH(12 )) ) 

00 231 1=14,36 

02(1 )=02(I-1)+(5T(I-1)*ST( I) )40WX 

231 002(1)= SORT ( 002 ( 1-1 )*002( 1-1U-0DX*0DX4(ST( 1 )*ST( I )«-ST( I-D* 
IST(I-l) )+ DWX*DWX*(OST(l)*OST(I)+DST(I-l)*OST( 1-1) )) 

IF (KM.EO.ll 02( 13)=02(13)+F(12)*TH(12)*0WX 
IF (KM.EQ.l) D2( 14)>n2(14) +F(12)*TH(12)*DWX 
C COMPUTE ENTHALPY THICKNESS REYNOI.OS NUMBER FOR CENTER 
C OF PLATE BASED ON 02(1) FOR ENERGY ADDED To THAT POINT 

00 240 1=1,36 
REENm = FACT*D2( I ) 

240 DREENd ) = FACT*002( I) 

RETURN 

END 
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SHEAR Program 


AMATFIV NOLIST 

DIMENSION UB(42).Y(42) 

DATA V/.Olr .011# .012# .013# .014# .OIS# .017# .019# .022# .02S# 

1 .029# .033# .039# .046# .054# .062# .072# .087# .102# .122# .147# 

2 .177# .217# .267# .322# .397# .472# .547# .622# .697# .772# .847# 

3 .922# .997# 1.072# 1.147# 1.222# 1.297# 1.372* 1.472# 1.572# 

4 1.672/ 

C FOLLOWING SIX LINES OF DATA IS FOR X>63.3 INCHES 

DATA UB/ .2977# .3069# .3169# .3285* .3373# .3467# .3617# .3736# 

1 .3887# .4018# .4158# .4254# .4374# .4469# .4562# .4630# .4686# 

2 .4761# .4816# .4874# .4942# .5033# .5171# .5413# .5713# .6097# 

3 .6435# .6760# .7085# .7415# .7748# .8057# .8366# .8663# .8932# 

4 .9185# .9404# .9598# .9745# .9.882# .9957# .9987/ 

DATA CF2#F#0EL#DEL2#«ED2#N/.00i;352# .0069# 1.496# .2 3 63 # 6400. #42/ 
C FOLLOWING SIX LINES OF DATA IS FOR X»69.3 INCHES 

DATA UB/.3255# .3345# .3487# .3604# .3709# .3794# .3936# .4063# 

1 .4206# .4324# .4456# .4565# .4684# .4783# .4872# .4947# .5006# 

2 .5094# .5150# .5221# .5310# .5423# .5621# .5898# .6218# .6636# 

3 .7016# .7387# .7752# .8112# .8448# .8756# .9047# .9302# .9510# 

4 .9691# .9824# .9906# .9963# .9989# .9999/ 

DATA CF2#F#DEL# DEL 2# RED2 # N/.OO 1492 # .0069#!. 291# .1955# 5320. #41/ 
SUMl*.25*lUBm«'UB(ll*Y(l ) +1UB ( 2) «^0B ( 1 ) ) * ( UB 12 ) +UB( 1 1 »*(Y«2»- 

lYIin ) 

SUM2».5*«UBUI*Y(1) + 1UB(2)+UB(1 n*( Y(2»-Y(l) )l 
WRITE (6# 3) 

3 FORMAT! 12X*TAU+* # 5X • TAUL AH+ • #6X *Y/DEL • # 7X • L/OEL • #9X • Y* • ,13X*L + *# 

1 5X*01* #6X'D2* #/) 

YPUT*RE02*SQRTICF2» /DEL2 
B-F/CF2 

UYP=0EL2/IRED2*CF2 » 

N*N-1 

00 10 Is2#N 
OY=YI I)-Y(I-l) 

0UDY=.5*( !UB( I + l l-UB( I ))/( Yd^^l 1-Y! I)» + <UB{I 1-UBl I-l) )/0YI 
IIA».5*«UB(I )*UB< I-in 
SUM 1*SUM1+UA*UA*0 Y 
SUM2*SUM2+UA*DV 

TAU-1 .+6*U8( I ) 4-1 1 .+B) * ( SUMl-UBI I )*S UM2I /0EL2 

TAUL-DUDY4UYP 

TAUT-TAU-TAUL 

XLP*SQRT1TAUT)/TAUL 

XL- SORT I TAUT4CF2 ) /1 000Y*DEL ) 

YPL-YI I )*YPUT 
YL-Y(I)/0EL 

XL1-0.078*TANH<5.25*YL)*3.32*YL*EXPI-VL/0.1I 

XL2-0.078*TANH(5.25*YL)+33.2*YL*YL*EXPI-100.*YL*YL» 

Dl-XL/XLl 

02-XL/XL2 

WRITE 16,51 TAU# TAUL #YL # XL #YPL ,XLP ,01 # 02 
5 FORMAT (10X#2(F6.3#5X)#2(F7.5#5X)#F8.3#5X#F8.3#2(3XF5.3>) 

10 CONTINUE 
STOP 
END 
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APPENDIX D 


HOT WIRE FLOWMETER 

For reasons mentioned In Chapter II, a hot wire type flowmeter was 
developed to be used In the program to measure the secondary air flowrate. 
Much data concerning a round wire In an Infinite stream appears In the 
literature. If, however, a small rod Is Inserted Into a pipe, then the 
exact heat transfer behavior will depend on the detailed geometry. Thus, 
although the behavior can be approximately predicted, the details require 
experimental study. 

Initially, two types of flowmeters were conceived: one using a wire 

whose temperature was fixed, correlating the flowrate with the heating 
current supplied to the wire; the other with a fixed heating current, 
correlating the flowrate with the differential temperature between the 
hot wire and the oncoming stream. The Initial Investigation Into this 
problem showed that the constant current mode Is preferred because of Its 
smooth variation over the entire flow range. The constant temperature 
mode showed that the correlation changed very sharply In the low flowrate 
range. 

In final form, each flowmeter unit has two separate circuits: a 

heater circuit and a thermocouple circuit. All the heater circuits were 
connected In series to one controlled DC power supply. For each flowmeter 
element, power can be turned on or off Independently, so that any number 
of flowmeters can be used selectively at one time. This arrangement saved 
considerable time In the measurement of the secondary air flowrate. 

The thermocouple loop for measuring the temperature difference be- 
tween the heater element and the coming air stream was made with Iron- 
cons tantan, with one junction at the middle of the heater element Inside 
the brass tubing and the other junction In the air stream 1/2 In. (1.27 
cm) upstream with 90° rotation. Care was taken that the wake of this 
junction did not Interfere with the heater and vice versa. Iron wires 
which come out of the two junctions were connected to the copper lead 
wires In a small space Insulated with the double shrink tubing. These 
copper lead wires were connected to the selector switch. 
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To control the current supplied in the circuit, a shunt of 0.1^2 
was Inserted Into the circuit, and the potential across the shunt was 
read by an H-P digital voltmeter. This potential was monitored to assure 
the desired current by controlling the current setting dial In the power 
supply. 

A seven foot long, 3 In. (7.62 cm) PVC pipe was used to Install the 
flowmeters. The upstream end had copper screens to make the flow uniform. 
The flowmeter was located six feet downstream of the copper screen. The 
current setting was such that the power dissipated by the heater was less 
than 1 watt. In most cases. Even at a very small flowrate, the temper- 
ature rise due to the flowmeter heater was very small (about l^F at 3 cfm). 
The detail drawing appears In Figure D.l. 

The flowmeters were calibrated In place against Merlam laminar flow- 
meters. The laminar flowmeters had been checked against standard ASME 
orifice meters. The Initial calibration showed that all the calibration 
curves collapse by the horizontal shift of some distance In log-log co- 
ordinates. Corrections for the mean stream temperature level and humidity 
were Incorporated to deduce the flowrate at standard conditions. After 
proper corrections were made, the flowmeter constants which are the multi- 
plication factors to make them collapse were left as a functional of each 
flowmeter element. All flowmeters used the same calibration curves ex- 
cept for one constant, called the flowmeter constant. 

In the following section, the correction formula. Including the flow- 
meter constant, , will be given. From the basic energy balance equa- 
tion on the wire, we have 

q - I^R - AgAT (D.l) 

where h Is the average heat transfer coefficient around the wire across 
the span, A^ the total surface area of the wire, and AT the temperature 
difference between the wire and the coming air stream. 

For the evaluation of heat transfer coefficient, h , the following 
equation from Krelth [D.l] was used, 

Nu Pr"°'^^ - 
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For the temperature dependence of properties, T ^ > 530*R was \ised as 

St 

a reference temperature, and the following expressions were used; 



Pr 


Pr, 


St 



(D.3) 


These correlations are the results of curve fitting In the temperature 
range of 70°F to 180°F by using data appearing In [D.l, D.2, euad D.3] 
For humidity dependence, the following expressions were used; 


Pr 


.a. 


(1 + 0.9 m) 



1 - 0,055 m 



1 - 0.7 m 


(D.A) 


where m Is the absolute humidity, Ibm/lb of air. The relationship for 
Pr was taken from Kays [D.4], and the relationships for y and k were 
obtained by using the recommendation appearing In Eckert and Drake [D.5], 
using the air properties and the vapor properties formed In Keenan and 
Keyes [D.6], and using the binomial expansion to simplify the expression. 
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Then all these were coidbined Into Equation (D.2), then Into Equation 
(D.l) and the binomial expansion used again to simplify the expression 
for humidity correction, and the following expressions were obtained. 


E - f(X) 


(D.5) 


where 


- • emf • J ° 


\-0.76 

X - SCEM|£ — I (1 + 0.70 m) 


■fcr 


and 


emf ~ the emf of the thermocouple signal 


By the calibration procedure, the flowmeter calibration constant, , 
for each flowmeter unit and the function f were determined. 

With the hot gas stream, some zero shift was noted. To reduce this. 
Insulation was Installed around the heater terminal on both sides of the 
3 In. (7.62 cm) PVC pipe. After the Insulation was Installed, satisfac- 
tory performance was acquired by taking the zero point at the no-power 
signal to account for the zero drift. 

The variable property correction and zero drift correction gave the 

quite satisfactory performance of the flowmeters. The calibration curve 

which displays the function f shows the scatter in X (or SCFM) 

about 3Z. This Is less than 1.5% In E coordinate. The high uncertainty 

In X coordinate Is the penalty for getting a wider range of flowrate, 

-25 

because X varies as E approximately. 

The heater design and the current rating used are such that the 
heater would not be damaged even If there were no flow with the heater 
on. The highest temperature the heater can attain Is about 160”F to 180‘F, 
which Is the safe temperature limit for the epoxy glue used to bond the 
heater wire onto the brass tubing. The use of a low temperature In the 
heater guaranteed against the accidental burning which might happen by 
Inadvertently activating the flowmeter while no flow existed In the 
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secondary system and against Its aging with use. Also, the design Is 
such that each flovmeter unit can be taken out and Interchanged easily, 
because there Is no permanent bond between the flowmeter and the 3 In. 
(7.62 cm) PVC tube. 
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APPENDIX E 


THE MANIFOLD VALVE ADJUSTMENT 

The dlfflculcy with assuring the uniformity of flow rate through 
each hole In one manifold Is that the laminar flowmeter used Introduces 
too much resistance to the flow: the measuring device Introduces too 

many disturbances. Even the flow resistance of a venturi meter would be 
comparable to the flow resistance through each hole. Also the Integration 
of velocity profile at the outlet of each hole turned out not to be a 
very reliable method for flow rate measurement. This lead to the sen- 
sitivity study of the overall system to the flowmeter disturbance. To 
have a good readability, a 2 cfm (0.944 1/sec) capacity laminar flowmeter 
was used In conjunction with a 2 In. (5.08 cm) Inclined manometer whose 
smallest division Is 0.005 In. (0.127 mm) on the scale. 



Figure E.l Sketch of manifold. 

First, all the valves were adjusted to give a uniform flowrate within 
IX accuracy at the total flowrate of 92 cfm (43.4 il/sec). Then 52 cfm 
(24.5 il/sec) and 27 cfm (12.74 l/sec) of total flowrate were tried with 
the same valve setting, and the same accuracy was maintained. This al- 
lowed the valve adjustment at one total flowrate. Then a simple flow 
circuit analysis was performed, assuming there are resistances to flow 
In the following form. 
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(E.l) 



Since the pressure drop AP Is uniform for all the holes, the flowrate 
Is a function of the flow resistance, r^ , only. Then the Individual 
resistance of each hole was determined by measuring the flowrate as the 
electrical resistances In the circuit across constant potential can be de- 
termined by measuring the current In each circuit. 

2 

In case AP Is assumed to be proportional to v , we may put AP 
In the form 

Rearranging, we obtain 


AP 




(E.2) 


since AP Is constant, this will lead to the same conclusion as before 
If J^± sake of slTi?>llclty, the first linear 

expression. Equation (E.l), was used to analyze the calibration accuracy. 
The conclusion of this analysis Is that the flow resistance of PVC tubes 
which are used for the delivery of the gas from the manifold to the test 
plate was about 3.5 times the resistance of the manifold hole Itself, 
and the laminar flowmeter used has about 10 times more resistance than 
the manifold hole resistance, and the measurement with single flowmeter 
on each hole In turn showed the accuracy of 0.3% to Insure the 1% accuracy 
In the uniformity of flowrate In each hole at the test plate elevation. 

i 

Also tested Is the possible flowrate change due to thermocouple Installa- 
tion In some of the PVC tubing. The analysis showed that 1/2% decrease 
Is possible. The secondary air flow rate in each hole In one manifold 
Is uniform within +1 1/2% accuracy. 


270 




Figure F.l Circuits for wattmeter circuit analysis. 

The preliminary analysis on the circuits A and B showed that Circuit 
B Is preferable, because Circuit B Is less sensitive to the ammeter resist- 
ance change. In this part, the analysis will be done. Including the am- 
meter reactance on the power factor applied to get the true power from 
the measured power In Circuit B. The potential supplied at the varlac 
Is assumed to be the same. 


A. Actual Load Power with Switch On 

In this circuit, there Is no reactance component, and the power de- 
livered to the load, , Is simply E x I product across 
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To calculate I , we have 

I - 1 

The potential across the Is 


- I . 


Thus, the Ideal power can be expressed as 


P - E • I 
a V 


<‘S. + »d + ®i> 


2 > 4 . 


where R^ + R^ 
Then 




IR , total resistance without wattmeter Inserted. 



(F.l) 


B. Indicated Power In Wattmeter (Circuit B) 

In this case, there Is a reactance component In the wattmeter cir- 
cuit. Considering the potential supplied at the varlac with phase angle 
at 0 , we can calculate the I^ and E^ , and then power can be calcu- 
lated as |e I * ll I cos 6 . 6 Is the angle between E and I 
The total Impedance In the circuit Is 


IZ 




+ 


R(R +R. + R,+JX) 

V a d li •’a 

R +R +R, + Rr+jX 

V a d L a 


(F.2) 


where j = Now, E^ can be calculated as 

„ ■ ®b 


V 


ZZ 


(F.3) 


Since E Is known I can be calculated In the load circuit as 
V a 
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I 


R +R, + R-+jX 
a d L a 


(F.4) 


Thus, tha measured power will be 




X 


Since the phase difference between and Is due to the Impedance 

(R^ + R^ + Rj^ + jX^) , we can express cos0 as 


COS0 “ 


^a + ^d + 


R +R. + R-+jX 
a d li ■' a 


(F.5) 


Combining Equations (F.3), (F.4) and (F.5), Is obtained as 

p . 

1 Rj^ i».„i2 


\IZ\ 




Now 


ZZ 




- R 


- R +R, + E,+jX ^ 

2 a d X a 

|r + R +R, + R^+jX ‘ 
I V a d L a 


^2 r; r^^(r. 

®L |EZ|^|R, + R, + Rj + R^ + J X^l 


(F.6) 


C. Power Correction Factor 




(F.7) 
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I 


"■i (rR)2 r2 Rj^CR^ + Rj + V 


By working out this algebra, we obtain 


with 



ZR 


■H, 


R + R + R , + R, 
V a d L 


This was Incorporated into the data reduction program. 
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APPENDIX G 


CALIBRATION OF HEAT FLUX METERS 


The following procedure was used for calibrating the heat flux 
meters. This Is to account for the small temperature difference between 
the adjacent plates and also to calculate the flow direction conductance 
between the two adjacent plates. 

CALi BfLATIQ N HE-ATER. 


Ti-, X 

1 -S>, i 1 


i-l — - 


f — 


COPPER 

PL-ATES 

' 



■"► ■t-r 1 


HE-AT 

flux 

meter. 


Ki 


Figure G.l Copper plate with heat flux meter In calibration mode. 

We can write down the energy balance equation for the 1 plate. 
Power stjpplled ■ (heat conducted down through the heat flux meter) + 
(heat conducted to the two adjacent plates). By dividing this equation 
by the heat transfer area on the test surface, we can directly form the 
equation on the heat flux basis. 

i'l . (G.l) 

where q^ Is the heat flux on the 1^*^ plate. is corrected for 

temperature dependence, as suggested by the manufacturer, 

K - K , (1 + (T. - 80)/700) (G.2) 

1 0,1 1 

T^ is the i*"^ plate teinperature , HF^ the heat flux signal in MV , 

and the conductance between the i'' and 1+1 the plate. Then 

our purpose Is to calculate K . and S. from this calibration. 

0,1 1 

The calibration heater has three heaters; the center heater which 
supplies the heat to 1^^ plate Is Instrmnented to measure the power 
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supplied within the accuracy of +1Z ; the other two heaters act as guard 
heaters and can be turned off Independently for calibration purpose. 

Then we can operate In three different modes: the first mode has all 

the heaters on with approximately the same power; the second mode has 
one of the guard heaters off; and In the third mode both of the guard 
heaters are off. Then we can write the energy balance equation on the 
1 plate for three different modes considering the temperature compen- 
sation on the . 

- ^0,1^^ “ 80)/700) 

^1-1^^/ ■ "^l-l^ " ^1+1^ 

qV^ - K .(1 + (t/ - 80)/700) HF ® 

1 0,1 1 1 

qJI^ - 1^^ ^"^l^ ~ 80)/700) HF^"^ 

+ S±_i(T^^ - tJj^) + S^CT^"^ - T^^^) (G.3c) 

where superscripts, F , S and T , denote the different modes of measure- 
ment. If for each mode, 1 ' measured, 

the above three equations can be solved for three unknowns : K . , S . , , 

and . A small computer program was written to solve these equations 

for K , , S. , , and S. . The above mentioned three modes make the 
0,1 1-1 1 

determinant of the above equations diagonally dominant, which prevents 
the singular behavior In the solution process. This program directly 
uses Kramer's rule. 

The power to the two guard heaters Is from AC varlac, and the central 
heater Is powered by the controlled DC power. The Weston precision volt- 
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meter and ammeter are used to measure the DC power. Both the ammeter 

and voltmeter are accurate to 1/2Z of the full scale. The DC ammeter 

and voltmeter remained In the circuit and the extra resistance beside 

the heater Is considered to calculate the true power delivered to the 

plate. All these are Incorporated Into the above computer program. 
The flow direction conductances of the two end plates on the blowing 
section were determined as part of this procedure. 
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APPENDIX H 


AN EXACT SOLUTION OF LAMINAR SUBLAYER EQUATION 


In evaluating the wall shear stress and the wall heat flux from the 
numerical solution of the boundary layer equations, one accurate and con- 
venient way Is to use the laminar sublayer equations In non-dimensional 
form and to compare this solution with the numerically obtained solution 
(see Reference 10). 

The values of y and u , along with the viscosity, are given from 
the numerical solution at a point nearest to the wall (Inside the laminar 
sublayer). Then, using the f$ct that 


Re 

w 




+ + 

u y 


the wall shear stress (or y^ ) can be calculated. 


In the case of the flat plate. 


and 


+ 

y 



From the definition of y*** , the wall shear stress can be calculated. 
However, If we have the pressure gradient or wall mass transfer, the 
problem Is not that simple, because 


+ 

u 


y"^ + (g'*' + P"^) ® 


G’^’y'*’ - 1 - G’^’y'*’ 


cuid we have to solve the transcendental equation. 

The STAN program [61] obtains the approximate solution with the 
successive substitution: 


+ 



J 


Re 

w 


^2 



J 


1 + G'^y^ + P'^y^ 
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J 


1 + 


_+ + , _+ + 

G 72 + P 72 


From the Initial guess , It does two Iterations. This turned out to be 
satisfactory for most of the transpiration cooling problem, because 
Is normally less than 0.1 'V' 0.2 and Is much less than G*** . In 

the case of discrete hole blowing, Is much higher than In the trans- 

piration cooling. And at G*^ =: 1.0 , the above scheme Introduces con- 
siderable error. Thus the exact solution of the following equation Is 
required. 


+ + 
7 


Re 


+2 


w 


+ y''‘(G'^ + 




gV 


- 1 - 


+ 

G y 


Let f(y^) “ u^y"*" - Re , then the problem becomes how to find the zero 
In f (y"*") . 

Using the Newton- Rap hson method, we can have the following algorithm 
to get the exact solution numerically. 

+ + (n-1)^ 

y (n) “ y (n-1) ' f'(y+^^-i)) 

About 4 5 Iteration, y"*" comes to the exact solution within 

-3 

10 In most cases. The addition of this procedure does not change the 
total computation time appreciably. If we obtain y*** , we can also solve 

for h*^ , because we know the 

_ + ■ 
of y 

- Pr(l + g\'*‘ + 
dy 


laminar sublayer solution for h In terms 


sV + C^X 


. I u dy ) + C-u — - 
•'o dv 


where 
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g 

O 

J q"P 

o 


(Pr - 1) 



The and teinns represent the energy source due to viscous dis- 

sipation and body force work, s"^ represents the other source terms for 
the energy equation. The exact solution for h^ becomes rather Involved, 
with all the source terms present. In case all the source terms are 
absent , h becomes 

. PrC’^’y'*' - 1.0 

- ■ 

Once h^ is obtained, q|J can be obtained from the definition of h’*' 


280 



APPENDIX I 


LINEARIZED SOLUTION FOR DISCRETE HOLE BLOWING 
UNDER AN IDEALIZED CONDITION 

This analysis Is done to give some Insight Into the terms -uv , 
which appear In Chapter IV. This was not Intended to give a quantitative 
estimation of the -uv . It follows the analysis done by Saeger and 
Reynolds [I-l] , specialized for the standing wave. The following ass\inq>- 
tlons are made: 

1. Low speed, « 1.0 

2. Constant property, constant density 

3. Small perturbation, which allows the linearization of the 
governing equation 

4. The discrete hole pattern Is periodic In the z-dlrectlon and 

In the x-dlrectlon. This assumption, combined with the lineari- 
zation, makes Fourier expansion of the discrete hole blowing In 
the X- and z-dlrectlon as a standing wave. 

5. Also, for the purpose of this analysis, the y- and z-component 
mean velocities were assumed zero and constant, and the x-comr- 
ponent mean velocity was assumed to be a function of only the 
y-coordlnate. 

6. Quasl-lamlnar assumption was used to account for the turbulent 
correlation terms. 

For the perturbation properties, the following expansion Is used. 

u = £ E u + (I.l) 

m“-<” n“-®° mn 

where a ■ tt/L , and 3 “ 27 t/P . 
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Similar expansions for v , t , p can be used, and using the linear- 
ized perturbation equations, the following equations were obtained from 
continuity, momentum, and energy equations. 


imau + Dv + in3w ■ 0 

m,n m,n m,n 


( 1 . 2 ) 


2 2 2 2 2 

imaUu + V Du + v DU - -imotp „ + V„(D -m a -n 6 )u (1.3) 

m,n o m,n m,n ‘^m,n T m,n 


imaUv + V Dv 

m,n o m,n 


-Dp 


m,n 


,2 2 2 2 ^ 2 , 
v„(D -m a -n 6 )v 
T m,n 


(1.4) 


imaUw 

m,n 


+ V Dw 
o m,n 




{1.5) 


ImaUt + V Dt = k (D^-m^a^-n^B^)t 

m,n o m,n T m,n 


( 1 . 6 ) 


where D denotes (d/dy) . 

If the solutions for u , v , and t ^ are obtained, -tv 

m j n m ^ n id ^ n 

and -uv can be expressed as 


-uv 


£ 00 

E 

jQB-oo n**”' 


u 

m,n 


V 

-m,-n 



z z 

m=-» n=-«° 


t 

m,n 


V 

-m,-n 


A. Near the Wall 

Now, to sin^jlify the algebra near the wall, the following additional 
assumptions are made. 
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7. V s: 0 
o 


8. The conduction or diffusion In the y-dlrectlon Is negligible 
because the jets are directed In the y-dlrectlon. 

To simplify the notation, all the subscripts will be deleted for the per- 
turbation equations, and ma and n3 will be replaced by simply a and 
3 . This will give the following simpler equations. 

lau + Dv + 13w “ 0 (1*7) 


laUu + vDU - -lop - v^(a^ + 8^)u 


( 1 . 8 ) 


laUv ” -Dp - v^(a^ + 6^)v 


(1.9) 


laUw - -I6p -v^(a^ + 6^)w 


(I.IO) 


laUt + vDT - -k^(a^ + 3^)t 


(I. 11) 


First t can be solved In terms of v . From (I. 11), 


t - - 


lCj,(a^ + 3^) + IctU 


DT 


( 1 . 12 ) 


Equations (1.7) to (1.10) were combined to eliminate p and w and 
then u can be solved as a function of v 


u 


3^/(a^ + 3^) V 
v^(a^ + 3^) + lau 


DU + , Dv 

or + 3 


(1.13) 


and also the equation for v can be derived as 

laU" 


D^v - l(a^ +3^) + 


v^(a^ + 3^) + laU 


V ■ 0 


(1.14) 
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where ( ) ' = D . 

From (1.12) and (1.13), the following expressions are obtained: 



-tv 


T' 




V V 

m,n -m,-n 


m“-“ n“-“, / 2 2 , 2 q2. , , 

k^(m a + n 3 ) + ImaU 


-uv 


- U' 


oo oo 

E E 


V V 

m,n — m,— n 




m^ooiiSi-00 , 2 2. 2o2. ^ . „ 22. 2^2 

v.j,(m a + n 3 ) + ImaU m a + n 3 


OO 00 

+ E E 

jQs— 00 n=“°° 


ima(Dv )v 

m,n^ -m,-n 

2 2^ 22 
m a + n a 


By solving Equation (I.IA), we can evaluate (-£v) and (-uv) terms Ideally. 
The expression for the -tv term shows that It has a multlpllflcatlon 
factor T* , and the summation term which Is Independent of the mean tem- 
perature field, v • V will be positive because v Is an even 

m,n -m,-n 

function In the z- and x-dlrectlons. This Indlclates that the summation 
term will be positive. The same argument can be applied to the first 
term In (-uv) . 

To simplify the expression for -uv , the following algebraic manipu- 
lation was done by using Equation (1.14): 


(d_ 

dy 


00 OO 

i: E 

jn— 00 n— 


lma(Dv )v „ ^ 

m.n -m.-n 

22. 2q2 

m a + n 3 



V V 2 2 

m.n -m.-n m a 

22 22 22 22 
V (m a + n 3 ) + ImaU m a + n 3 


Using these results, we obtain 
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(1.15) 



i_(e il) 

dy'- H dy'' 


dy 


dU» 


de 


- dT 


1 dU 
dy 


(1.16) 


where 


e - ZZ 
H 


2 2 2 2 

lc^(m‘^a + n e ) + imctU 


Bjj ” ZZ 


V V 
m«n — m»— n 


V^(m^a^ + n^B^) + imctU 


e 


1 


2 2 
m a 


“ 23 5Z“ 2 2 . 2.2 

m a + n p 


V V 

m,n ~m,— n 


2 2 2 2 

v^(m a + n B ) + ImaU 


The reason that e„ , e„ , and e. are taken as real is because -tv 

— n n X 

and -uv must be real. Also, as we have discussed earlier, e„ , e„ , 
and e^ must be positive nun^ers. The forms given In Equations (1.15) 
and (1.16) merely confirm that -tv and -uv can be treated as shear 
stress or heat flux and that mixing length type formulations can be used 
for their modeling near the wall. 


B. Near the Free Stream 

Near the free stream, U can be approximated as , and the dif- 
fusion or conduction terms can be neglected. These assumptions lead 
Equations (1.7) to (I. 11) to 

lau + Dv + IBw - 0 (1.17) 


laU u - -lap 

(1.18) 

laU V “ -Dp 
00 ^ 

(1.19) 
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-igp 


( 1 . 20 ) 


laU w 

oo 


Eliminating w and p , we obtain for u and v , 


2 2 2 
Dv-(a + $)v “ 0 


( 1 . 21 ) 


and 


2 2 2 
D u - ia‘^ + B )u - 0 


( 1 . 22 ) 


- I + B^|y 


Thus, u and v must have solutions of the type e 


-UV ® 

m,n -m,-n 


-2 I m^a^+n^B^|y 


This suggests that -uv (and -tv) will damp out toward the free stream, 
and that for this particular solution the value of -uv should not be , 
zero at the wall. 
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